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ABSTRACT

A survey of the literature pertaining to the equatorial ionosphere tropical

radio communications, and related subjects is presented in bibliographical

form. Authors' abstracts have been included whenever possible. The survey

is intended to cover the period from the late 1920's and early 1930's through

the early 1960's.
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PREFACE

This work was undertaken ,t Stanford Research Institute, Menlo Park,

California as part of Contract DA-36-039-AMC-00040(E) to provide support

for the MRDC Electronics Laboratory, a communications research and

support laboratory operated in Bangkok, Thailand. The MRDC Electronics

Laboratory is part of the Military Research and Development Center, a joint

Thai -United States effort of the Thai Ministry of Defense and the U. S. Depart-

ment of Defense (Project AGILE). The SRI work is sponsored b4, the Advanced

Research Projects Agency (ARPA Order 371) and is being administered by the

U. S. Army Electronics Command, Fort Monmouth, New Jersjey.

The equatorial ionosphere requires special consideration. This bibliography

attempts to catalog the published works on the vagaries of the geomagnetic

equatorial ionosphere. Other subjects of interest to workers on the problem

of communications in tropical areas have been selected for inclusion. The

following sources have been examined:

1. Technical Journals and Magazines

a. IEEE Proceedings

b. IEEE Transactions on Antennas and Propagation

c. IEEE Transactions on Communication and Electronics (formerl,

Communication Systems)

d. IEEE Convention Records

e. NBM Journal of Research, Part D

f. Journal of Geopbysical Research

g. Journal of Atmospheric and Terrestrial Physics

h. Journal of the Institution of Electrical Eogineers, Part M

(British)

VII



The report list is probably the least complete, and we would appreciate

notjficvtion of any omissions (especially reports) from recipients of this bibli-

ography. We hope that you will find this survey both convenient and helpful,

and would appreciate any comments as to organization, ease of use, etc., that

you would l.ike to make.

Menlo Park, California George H. Hlagn
February 1966 Kenneth A. Posey
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NOTE TO THE READER

The material is arranged alphabetically by the first author's name and

chronologically under each author. The initial letter of the first author's last

name appears in the upper right-hand corner. A list of authors is given at

the end of the report. A comprehensive subject index is in preparation and

i.ll. appear as a separate volume.

Unless otherwise stated, sources of abstracts are referenced after the

abstract, according to the following key:

A Author's abstract or author approved

DDC Defense Documentation Center [Formerly Armed

Service, Technical Information Agency (ASTIA)J

AD numbers have been included when possible.

B A.K. Brown's "Abstracts of Articles on Ground

Backscatter Propagated by the Ionosphere"

C Written by a member of the Communication

Laboratory, Staaford Research Institute

EEA Science Abstracts: Section B, Electrical Engineering

Abstracts

M L.A. Manning's ijterature of the Ionosphere

N W. Nupen's 'Bibliography on Ionospheric Propagation

of Radio Waves" (1923-1960)

PA Science Abstracts: Section A, Physics Abstracts

MGA ,leteorolegical and Geoastrophysical Abstracts

El Engineering Index

Xl I



IAA International Aerospace Abstracts

STAR Scientific and Technical Aerospace Reports (Formerly

Technical Publication Announcements)

Excerpt Excerpt from article

NBS Seri-Annual Report to Voice of America, NBS

Report 7696

JPL Jet Propulsion Laboratory Astronautics Information

Survey

NBSJ Items reviewed in J. NBS, Sec. D, 1959-1963.

EEMI Electronic Ergineering Master Index

TAB Technical Abstracts Bulletin

xli
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I
GYROFREQUENCY CALCULATIONS

One can calculatc the approximate electron gyrofrequency at ionospheric

heights given the total field intensity at the earth's surface (assuming a cubic

law decay for a dipole field) with the following formula:

Spo Hoe [,Re

H m [Re+hJ

•H = 1.759 Be [RehI x 10 7 radian per second

B = Earth's static magnetic field in gauss

-19e = 1.602 x 10 = electronic charge in coulombs

m = 9. 1066 x 10-31 = electronic rest mass in kilograms

where

Po = 4v x 10-7 = magnetic permeability of vacuum in henrys per meter

Re = 6370 = radius of earth in kilometers

h - baight above mean sea level in kilometers

Example: Bimgkok, Thailand

Bo L- 0.41gauss

D * 1.759 x 0.41 x 10 7.2 x 10 radianper second (ground)
H

S"' 1.145 Me (ground)

xxili
H 2-0



At E layer heights (100 kin)

f 1. 145 x0. 9542 M1. 09 Mc
H

At F layer heights (300 kmn)

fH 1. 145 x0. 8710) 1. 00 Mc

HXI



Table I gives values for the altitude decay factor [Re+hJ assuming

Re - 6370 km

Table I. Dipole Field Decay Factor (Geomagnetic Field)

[6370 [__6370 3
h(km) 6370 + hi h (km) 6370 + hi

60 0.9722 190 0.9155
70 0.9676 200 0.9115
80 0.9633 210 0.9073
90 0.9589 220 0.9031

100 0.9542 230 0.8992
110 0.9499 240 0.8950
120 0.9455 250 0.8908
130 0.9412 260 0.8869
140 0.9369 270 0. 8828
150 0.9325 280 0.8790
160 0.9283 290 0.8751
170 0.9240 300 0.8710
180 0.9198

Observe that one can calculate the approximate gyrofrequency for any

altitude and any location by taking the appropriate ratio of the 100-km-altitude

decay factor to the factor for the altitude of interest aud multiplying by the 100-

km gyrofrequency value for that location (from the World Gyrofrequency Map at

100 kin).
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A

ABHIRAMA Reddy, C., and B. .tamachandra Rao. Polarization characteristics
of E -echoes at Waltair. J. Atmos. Terrest. Phys. 24, 401-406 (1962).

Polarizatioi m-asirements on high frequency radio waves (2-8 Me/s)
reflected from bLing and semitransparent types of E show that the

S
blanketing type of EG reflects both the magnetoionic components, while the
sem i- transparent type reflects in general more of the extraordinary than

the ordinary scnmponent, the X-magnet.oionic component alone being re-
flected on a goo& number cf occasions.
A

ABHIRAMA Reddy, C., and B. Ramachandra Rao. The observed polarisation
of high frequency radio waves at a low latitude station. J. Atmos.
Terrest. Phys. 25, 13-22 (1963).

Systematic polarisation measurements on vertical incidence pulsed
signals in the 2-4.6 Mc/s range has shown that the observed polarisation
is essentially the same as that predicted by the magneto-ionic theory. The
small discrepancies observed are explained as arising due to the contamina-
tion, on many occasions, of the apparently pure echo under observation by
a weak component undetectable on the monitoring A 'scope.
A

ABHIRAMA Reddy, C. The structure of E. at a low latitude station as deduced
from polarization observations. J. Atmos. Terrest. Phys. 25,
387-391 (1963).

The probable structures for different types of sporadic-E are discussed
in the light of the measured polarizations of E -echoes. The observed
polarizations clearly suggest a "thin layer" stfucture with a sharp grAdlent
for the semi-transparent type of E. which is of most frequent occurrence
at this low latitude station (Waltair).
A

ABHURAMA Reddy, C. Observation of Z-echo at Waltair. J. Atmos. Terrest.
Phys. 25, 467-468 (1963).

Systematic polarisation measurements were carried out at this station , T
(Waltair) using the standard cathode ray polarimeter technique (Abhlrama
Reddy and Ramachandra Rao, 1963). Throughout the 17-month period of
these measurements, the author has been on the look out for the possible
occurrence of a ;-echo. The triple splitting of the F-echo has beow
observed, under normal ionospheric conditions, only on a single occasion.
This was at 0335 hours (hldan Standard Time) on September 1961 at a
wave frequency of 2.65 Mc/s. The observation at 0300 hours prior to the



A

above otc'rrence had shown normal 0, X splitting of the echo at 3.2 Mc/e
but an unresolved echo at 2.65 Mc/s. The triple splitting of the echo, as
observed on the monitoring A' scope, is shown in Fig. 1(a), while the
polarisation ellipses of the three echoes are shown in Figs. 1(d), (e) and
(f). The highest echo in Fig. 1(a) was strongest of the three for about a
minute (at 0335 hours) and its polarisation ellipse (d) was taken in this
condition with the "sense detector" circuit in operation; the quenching of
the lower half of the ellipse indicates left-handed (ordinary) rotatfon of the
field vectors. Then the Z-echo became rrduced in strength, as seen in
Fig. 1(a), and after about 5 min it #iisapeared rather suddenly. The other
two echoes persisted without any change as shown in Figs. 14b) and (c), and
their polarisation ellipses in Figs. 1(e) and (f) clearly show that the lowest
echo was extraordinary and the higher on the ordinary. The above observa-
tions were taken under severe noise conditions on comparatively weak
echoes; still the polarisation ellipses of all the echoes were quite stable
and the sense of rotation of each was unambiguous. These observations
clearly show that the short-lived highest echo In Fig. 1(a) is the Z-echo.
The occurrence of such a third echo carnot be attributed to any ionospberic
irregularities (upread-F, travelling wave disturbances, etc.) becauae very
steady specular reflections of well-resolved 0, X components were observed
prior to and after the observationa at 0335 hours. Further, hourly observa-
tions In the frequency range of 1-14 Mc/s were being made during this night
starting from 1900 hours (I.S.T.) in the evening and no occurrence of
spread-F or other irregular refiectns was observed . any hour
(Krishnamurthy). Thus, the above triple spltting of the ecl. took place
under quiet ionospheric conditions at the place of obeervation.

Eckeraley (1960) and Rydbeck (1950) have explained the common
occurrence of the Z-echo at high latitudes on the basis of "coupling" between
the ordinary and extraordinary waves at a level in the ionosphere whei e

the condition

V c(1)X=I]

is satisfied, v and vc being the collisicual frequency ad the critical
collislonal frequency, respectively. The above ooupUig procean alone
cannot accout for the triple splitting which is observed mary timeis at
moderately high latitudes (Elite, 1963), and oaskioially even at middle
and low atitudes (atyanaraytna ". 1959; Toehaiwal, 1935), for the
condition oharaoterlsed In equation (1) cannot be satMfed at the lower
•lsjaades Scott (1980) and leer Zlftl (190) have put forth a modified
explanation of tfe Z-eeho occurreme at moderat and low latitudes. Clls
(1953) oonftrmed the corrocts of his explanation by his.qm-lnaztal
meaurenuts 0b the angle of arrival of thbe Z-oobos(ee Ratltif, 1959).

2



A

From the above it is clear that even a rare occurrence of the Z-echo
at such a 'tow latitude station as Waltair (dip angle 20*) ts of much signifi-
cance as it would provide Important experimental evidence for the existence
of other possible mechanisms of Z-echo occurrence in addition to the
"coupling" process considered by Rycibeck and Eckeraley. No detailed
discussion about the origin of the Z-echo observed at Waltair is attempted
here, but the observation shows clearly that there are other processes at
work - apart from the "coupling" process - which are capable of giving
rise to a Z-echo even at a low latitude station.
A

ABHRAMA Reddy, C. Theoretical polarisatione of high frequncy1 radio waves
at a low latitude station. kndian J. Phys. 37, 430-439 (Aug. 1963).

The polaz Izations of vo rtically propagated high-frequency radio waves
have '"sen evaluated from the Appleton-Hartree formula for the latitude
of Waltair (Gaomagnetic Lat. 7.4"N, Dip angie 20*) by thie rigorous compu-
tationa method. The variations of the axial ratio and the tilt angle of the
polarization ellipse with electron density, collisional frequency and wae
frequency are directly delineated so as to make possible a ready comparison
with experimentally measured values of the above parameters.
PA

AGY, V., and J. DeGregorlo. H~Prepation Over an 8, 500kmpah. IN:
Semi-annual Report to Vdoke of America, Port H, Africa Ionosphere,
NBS Rapt. 7276, National Bureau of Standards, 4-31 (July 1962).

In March and April 1961, as part of the 1488-USIA African Ionosphere
program, measurements were made which were to give approximate
information on IF propagation mode structu~re and transmission lose over
a United States - West Africa path similar to thAt soon to be used byte
Voice of Amerioa. W&g powered pulse trasmissions (about 150 k") on
17.6 Nc/s from Sterling. Virgina %ers received at Accra, Mans, whereI ~relative time delays of the received pulses were recorded. 100 jiasec pulses
with a repetition rate of 26 per second were used. The antennas Weret
Identical sloping V 'a with a major lobe maximizing at about 32 elievation.
The Intervals in tiwe delay shown on the film records. az's 666 giseo or
200 km in equivalent or growp path (P'). The great circle dWVAsoe betieen
Sterling sad Acera, to just over 6,500 km. neltosia trgh

30Mt0U313of WWV-20 (BehatDllU6 Marylan) wore made at Aocra.
The path is show on owe map to Figure 1.

Excerp



A

.•,ID. R•to W•.ye Propag•tion,. Bibliography of US SR Publications for 1958-

1960__ R•p•. 61-150 (7 November 1961). AD-267 928.

Soiblioflraphy is presented based on USSR publications (monographs,
monographie serials, and periodicals) for 1956-1960. It contains 261
entries divided into three parts •ud •-•rranged alph•betlc•lly by authors
within each part. Titles of monograph• are given in Russian followed by
an English translation. Annotations are provided when clarification is
considered desirable. The entries are grouped under three headings:
l)ropags£ion in general, Propagation in the troposphere, and Props4pttion
in the ionosphere.
A

AID. Ionospheric Disturbances. Rept. 62-76 Aeroapce Information Division, t

Library of Congress, Washington, D.C. (11 June 1962). AD-268 969,

No abstract available.

AID. Phenomena in the Upper Atmosphere. Review of Soviet Lltsrai•u•.
Monthly Rept. 37, AID Rapt. 63-98, Air •t•rmation Division,
Library of Congress, Washington, D.C. {Jgly 25, 1963).

This review on Soviet developments in astrophysics and g•hysics
covers the following main topics: (1) m;lar radiation and the ionosphere;
(• atmospheric electrici•; and (3) the mct•orolG£y of the upper abncs-
phere. Discussion of solar radlaUon and • ionosphere include the
following papers: Investi&•lons of the Hetex •neous St•.•m-e and
Movements in the Ionosphere above Ashkabad s• ltefgbts from •0 to 400
kin, Carried out According to the IGY and IGC Program in 1368-19S9;
Solar Activity and the General FuncUon of the Terrestrial Atmosphere;
the ComzeoUon between F• Layer Disturbances sad Planetary Maglmflo
Activity; Theoretical Investigations o• the $•rucPAre of the F9- Layor and
the Outer Iommphere; and Characteristics of the Sporadic E Id•r of the
Ionosphere 8bore A•khebad during the lilY and • (1957-1959). Pspere
ocem•inlt atmospheric electricity include the foUowt•: On the Hor!zontal
Componen• of the Atmospheric Electrio Field near a Flat Ground 8urfaoe.
The m•le• of the upper atmmq•re is d/scusud in the follow/uS
papers: the •pplioatlou of Kinetic Gu ]kluations to the Study of the

•n an Instrument on the Mesaureme• of the C(mqmition and DeuJ•
of the Upper AW•Jphere L•,ers; and t•e Ev• of lhe1•ffeet of No•-
equllib•um of an Atmosphere on the Moemn•meat d its

Psrmnets•, i

mmJ•r mmttt• reports Imve qq•ered ziuoe July 1•80,

t
!
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AKASOFU, S., and Sydney Chapman. The ring current, geomagnetic disturb-
bance, and the Van Allen radiation belts. J. Geophys. Iea. 66,•
1321-1350 (1961).

The large decrease in the horizontal component of the earth's field
during the main phase of magnetic storms has been ascribed to the forma-
tion or enhancement of a geomagnetic ring current. In this paper we
discuss the motions of particles trapped in the earth's dipole field and the
resulting ring current. These calcula•lons deal only with a steady state,
though during storms the statet is changing. The general equations for the
current intensity, to obtain the total current and the magnetic field at the
earchI's center, are applied to the outer radiation belt (V2) and to a soeciet
'model' belt V This V3 belt has a particular type of pitch-angle distribu-
tion and a number-lntenstny distribution of Gaussian type along an equatorial
radius. The results are considered in connection with magnetic records
for several storms and with satellite data. We infer that, during magnetic
disturbance, protons of energy of the order of a few hundred key are inter-
mittently captured between 5 and 8 earth radii and that they produce a
transient belt V3 . The variety of development of the ring current from one
storm to another may be connected with irregularities In the distribution
of particles in the solar stream, which may contain tangled magnetic fields.
A

AKASOFU, S., J.C. Cain, and S. Chapman. Magnetic field of the quiet-time
proton belt. J. Geophys. Res. 67, 2645-2647 (1962).

The distortion of the Earth's magnetic field produced by the proton
belt i discussed. The magnetic field is calculated numerically, to a
first approximation, for an analogous model belt in a steady state. A is
estimated that in the equatorial plane, at the Earth's surface, the magnetic
field produced by this belt is of the order of 38y. It is direted southward.
The maximum field reduction is of the order of 7 2y at 4. 1 is= Earth's
radius); this is 15.5% of the dipole field intensity at this point. Beyond
6.7s , the belt incrasos the Earth's field.
MGA

AKASOFU, S., ad S. Chapman. The enhancement of the eu ri elerolet
m o ue orms. J. Geophys. Re.. 68, 3375-2382

(1963).

N Is shown dt tO gowth of auroral eletrojets oan greatly enhanoe
die equatorial elsotroJet. This Indicais tha a part of, the return currnat,
spreading fr=m th aumral rn to to ionoeph•re In low Ad middle lati-
tWaes, can deted to as far a th late altrnoo side aloig dte magnetic
equator. The current sy ams inferred so far for polar magneft substorms



A

may have to be revised to include such an intense return current. The
enhancement is used to infer the distribution of the highly conductive region
along the magnetic equator. It is shown that-the conductivity is about 4-7
times higher there than in middle latitudes.
A

ALEXANDER, N. S., and C. A. Onwumechilli. Variation of the horizontal
force near the magnetic equator. Nature 180, 191-192 (1957).

Measurements of the variation of the horizontal component of the
earth's magnetic field H at latitudes between 3"N and 3"S of the magnetic
equator can be explained by the superposition of the effects of i narrow
equatorial electro-jet on a more general field which varies appreciably
with latitude. The results suggest that fluctuations in H arise mainly from

S!n o r flu c tu atio n s o f th e e le c tr o - je t its e lf . T h e e q u a to r ial e le c tr o - je t
must be very narrow, probably 2-3" wide.
PA

ALLCOCK, 0. McK. The prediction of maximum usable frequencies for
radiooommunication over a arial path. Proc. lEE 103B,
547-552 (1956).

Times of reception of 15 Hcds radio waves over a transequatorial
path of 7500 km have '=een recorded throughout the recent period of de-
cining solar activity (1950-54). The analysis of these times has shown
that predictions of maximu• usable frequency (m.nu. f.) made by the usual
comtrol-point m %hod were, in general, too high by about 4 Mo/s, and at
times by as much as 7Mo/s or more. This is contrary to the normal
exp, "lence for long trmsmission paths lying within a shigle hemisphere.
When a transmission mechamism involving multiple geometrical reflections
is assumed instead of the forward scattering mechansm implied by the
ctrl-point method, it is found that the path can be considered, for the
purose of predicting m.u.f. 'a, to consist of thd reflections. The dis-
epl"ancles betwen prediction and observation, which stlll remain after a
3-reflectin mechanism has b- ienvoked, are attriute mnainly to refieo-
tios from th somdIc-1 regin at the southermost reflaition point. al-
thoug It Is Voss" ta lateral deviation of the radio wavs Is also a
miung fatotr.

ZEA 6



A

ALLEN, C. W. Variation of the sun's ultra-violet radiation as revealed by
ionospheric and geomagnetic observations. Terrest. Mag. Atmos.
Elec. 51, 1-18 (1946).

A study has been made of the short- and long-period variations of
critical frequencies of the E-, Fl-, and F2-ionospheric layers at Washington,
Huancayo, Watheroo, and Mount Stromlo during 1937-44. Terrestrial
factors have been eliminated in order that the frequencies should represent
the changes in the ionising ultra-violet light. A similar study has also
been made of the variations in the amplitude of the 8 q magnetic field at Apia,
Watheroo, and Cape Town during 1937-43. Yearly, monthly, and daily
variations have been compared with solar data by means of graphs and
correlation-methods. The following are the main conclusions:

(a) The variable part of the Sun's ultra-violet illumination comes
mainly from active regions chiaracterised by the appearance of
sunspots, flocculi, and faculae.

(b) The sources of ultra-violet have a longer life than sunspots, and
possibly a longer life than faculae.

(c) The three ionospheric layers E, F1. and F2, and the Sq-field are
influenced by the same sources of ultra-violet light.

(d) The sources omit cootiderable ultra-violet radiation when at the
center of the Sun and probably emit some radiation when near the
limb.

(e) F2 electron take periods of one or two days to reach equilibrium
conoeaation - at the level of Sq-currents recombination is much
more rapid.

(f) The variable part of the ultra-violet flux is proportional to sunspot-
number, and is about equal to the steady part at sunspot-maximum.
This applies to radiation exciting the Z-, FI-, and FR-regions.

(g) There is a linear relation between fFl Pnd sunspot-number.

(Ib) Faculas oould produce conbtnums ultra-violet radiation that might
amout for imonspheric and geomagsntic varitioans.
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ALLEN, C. W. World-wide diurnal variations in the F2 region, J. Atmos.
Terrest. Phys. 4, 53-67 (1953).

A study has been made of the diurnal variations of F2 critical fre-
quencies and virtual heights as a function of phase of sunspot cycle, season,
and geographic and geomagnetic position. The main results are derived
from ten stations that are well observed at both sunspot maximum and
minimum.

The chief characteristics of f0 F2 may be described in terms of (a) the
sunspot minimum anomaly, (b) the sunrise anomaly, and (c) the diurnal
range anomaly. The features of these anomalies are evaluated quantita-
tively and then as far as possible, the anomalies are extracted from the
data to determine the normal curves. The world distributions of indices
representing the anomalies are studied. The variations of the F2 virtual
height are not related in any very significant manner to either the sunspot
cycle or the , 0F2 diurnal curves.

Some attempt at explanation of the anomalies has been made but no
complete theory is available. Some effects are thought to be thermal or
tidal oscillations, and evidence is given for the conclusion that F2 electrons
disappear by a decay law that is independent of gas pressure.
A

ALTMAN, C., J. Duvshani, and H. Cory. Proc. Israel 5th Annual Conference
on Aviation and Astronautis. Jerusalem, 1963, 110-119.

Integration of lonospherio profles of electron density vs height to
yield total (sub-peak) Ionospheric electron content at constant solar zenith
angles throughout a year for HRifa, Washington. Panama, and Talara and
Huancayo, Peru. Results for the firetwo stations show a typical seasonal
anomaly with decreased electron oontoi in local summer. Talara and
Huncayo, located respectively on the gsqrpblc and magntic equators,
show a similar June-July decrease in eb onmtent, typical of an "annual

omualy" (local winter in Huanoyo) raErtheu a "sasnmomay" in
the equatorial asm and low latitude southern bemisphm. Ateults are
ocasistont with values obtained at other stations usinglnene aa n
also with satellite mesrmnsof tota IonopheIc ol Reonmalt. It
is shown that for medium latitude stations the seasonal may be
emilatned by the increased summer ocean of o nitroe
compared with atomic oxyge in the F2 region, and that this may be ta So
main a tmperatmr effect.
Souroe unknown.
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AMERICAN RADIO RE LAY LEAGUE. St!udy of transequatorial scatter propa-
gation. Final Rept. American Radio Relay League (1959).

To collect and utilize observations by amateur radio operators in the
very high frequency range, the ARRL-IGY Propagation Research Project
was organized. The present paper Is a systematic report of how the
project was carried out. It discusses in separate chaptersa the actual
nature of the project, setting up of the observing group, data processing,
data codes and, finally, the results. It is reported that 593 amateurs, out
of 1320 on the project mailing list, actually submitted the semimonthly log#
requested. Bands available to them are one or more of the following
(depending on location): 50-54, 70-72, 144-148, 220-225 and 420-450 Mc.
The data received was duly processed. The project's results conslat of
281,640 punched cards with the following (chiefly 50 Mc) propagation modes,
auroral reflectioni, F2-layer back scatter, sporadic E single and double hop,
meteor/ionospheric forward scatter and transequatorial scatter. Upon
analysis it is found that transequatorlal scatter is not limited to the
Americas but occurs in many parts of the world, all paths being roughly
symmetrical to the geomagnetic equator.
MGA

AMES, J. The correlation between freuency-selective fading and multipatik

- rs -- " ove aIoopheric path.- J. Geophys. Rles. 68, 5-9
(1963).

When continuous-wave high-frequency radio transmission within a baud
several kilocycles per seond wide As examined it is found that signals fade
differently throughout the band. The phenomenon has been known for many e
yeam as select"v failing. In this report the relationshi between selective
fading and the relative time delays of the various propagaftig modes is stud-
ied over the 2450-1cm path from M~ayguez. Puerto Rico, to Smnyrna, Georgia.
Selective fading was measured by propagating a frequency-modulate CW
transmission over the path while the modes pnopagating, awli their struotiere,
were recorded by means of oblique step-frequenc sousdinga , It was con-
firmed ftat %hon two modes were rpatigat the FX-CW frequency.
selective-fadlng nulls were soparated -tn the ftrquency spectrum by an
Amount tha is the wroiprocal Of the poop time delay bstween the modes.
Mhe FU-CW technique rpreuefts an Inexpensive wnvans for determining
the degree of multipat that exists an a given circuit at a given time. ftoh
soundings, which can be made by simple Modfcto of existing equipment,
allow the d~egr of multipath ~obe quickly estimated and can also give clear
advance warning of lmpudilag circuit failure resulting from falling KUF.
A
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AONO, Y. Regional anomalies in foF2 of the ionosphere. Rept. Ionos. Space
Res. Japan 7, 30-33 (1953).

Regional anomalies in foF2 of the ionosphere are studied by investi-
gating the world-wide distribution of the monthly median values of foF2 at
noon plotted on the geomagnetic coordinates, using the ionospheric data
over the world throughout four years from 1946 to 1950, exclusive of a
year of 1949. In plotting the world-wide distribution on the map, at first
the ratios of the monthly median values of foF2 to the highest monthly
median value throughout the world are taken for each station, and then
these ratios for the same month are averaged for the four years at each
station and plotted on the world map of the geomagnetic coordinates. In
this treatment, consideration is taken for making some adjustment to the
averaged values of the ratios according to the different degrees of impor-
tance for the years when the &bserved data are missing at the station in
question. Thus the twelve maps of the world-wide distribution for each
month can be obtained by drawing the contour lines for each ten pircont
step on the world maps. Figs. 1, 2 and 3 show respectively the typical
example of winter, equinoxes and summer of this world-wide distribution.
Excerpt

APPLETON, E. V. Radio exploration of the Ionosphere. Nature 133, 793,

(1934).

Radio Exploratton of the Ionosphere

(a) Measurement of the earth's magnoe;c field in the ionosphere.

The discovery of magneto-lonic doubling of wireless echoes returned
from the. ionosphere and its explanation in terms of the theory of double
refraction have provided us with a method of estimatIng the Intensity of
tho earth's magnetic field at the level from which the waves are reflected.
The way in whic the earth's magnetic field is related to the obeervatioal
data was indicated by Applet= and Builder, who sbowed th. under ood-
tions of quasi-losgitudinal prop , relative to the direotiou of ftt
maetic field, we have

2 wu
- _e - o) • . . . . (4),
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where H is the total magnetic Intensity, fe and fo are respectively the
critical penetration frequencies of the extra-ordinary and ordinary waves
for any particular region, and e and m are the charge and mass of an
electron. For conditions of quasi-transverse propagation, on the other
hand, the corresponding for• la is

H= -~--- (e 2 2()

it was further shown by Appleton and Builder that their experimental
results, obtained under conditions of quasi-transverse propagation, agreed
approximately with (2) when the value of the earth's magnetic field at the
gound was used for H, so that their observations could be interpreted as
indicating either the approximately quantitative correctness of the magneto-
ionic theory or that the magnetic field in the Ionosphere does not differ
very markedly from its value at ground level.

If we assume the quantitative correctness of the magneto-ionic
interpretation of the results, It is obvious from equations (1) and (2) that
we have here a method of measuring the magnetic field in the lonompbere.
During the past year, I have therefore made as careful meauirements as
possible of the value of H for the tipper lonised region during nocturnal
conditions when critical frequency measuremeats are most reliable, my
object being to look for small variations of H such as might be canoed by
the upper-atmospheric currents envisaged in present-day theories of
terrestrial-magnetism.

The detailed examination of these results is still in progress, but one
result of interest has emerged from the first series of two hundred measure-
ments. The average value of H calculated from (2) is found to be 0.42 gauss.
Now the value of the earth's total magnetic field at the surface of the earth
in south-east England Is 0.467 puss, so that the radio obcervations suggest
that the average magnetic field in the Ionosphere is about 10 per cent less
than its value at the ground

Now, according to Schmidt, the earth's magnetic field intmnsit aboam
the surface may be oxpresed, as a first •p-XImo, by N (1- Sb/B)
where H0 Is the ground value, h the elevation and R the eorth's radius. The
values of the magnetic field at 200 and 300 km. above tba wrth't surfim
in south-est Eglanhd should therefore be 0.4 2 and0 gaus r0e.petively.
I will be sme that the value otialuad by the radio vethods is of about this
order of magnitude.

(b) A nw method of ionospheric ineiIti.

Ou of the fundmental quantities measured In te study of the ionosphe'
is the gronp-time for a signal to travel to do statsm ot reflectimona baek

11
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to the ground. To measure such a group-time, we must impress some
kind of mark on the signal in order to recognise it on its return. Now the
essential characteristics of an electric wave are frequency and amplitude,
and the two basic methods of group-time measurement are thus those
involving frequency-modulation and amplitude-modulation. I must not be
assumed, however, that in their simple forms they always represeat the
most convenient ways of marking a signal for group-time measurements,
and I have recently found that there are sometimes advantages in combining
the methods so as to produce a frequency change on a pulse emitter. It
will readily be seen that in doing this wa extend the frequency range
examined in the experiment and obtain, in effect, information comparable
with that which we should get with an extremely brief pulse. This means
that we can investigate the structure of echoes whch are normally unresolved.

As an example of the use of this combination method, as I propose to
call it, let us consider the case of an unresolved magnetio-ionic doublet.
V the mean frequency of the emitter is varied continuously through a
sufficiently large range, we get interference effects in the echo itself, so
that any component amplitude varies through a series of maxima and minima.
ff, in this case, a linearly polarised receiver aerial is used, we have:

AnC- (3)=Af - P .0 e

where P a&d Pe are the equivalent paths of the ordinary and extraordinary
waves, An the number of !nterference fringe& produced by a change of
frequency M and c is the velocity of light.

When apparatus is available for providing automnatic maintemance of
seeder and receiver tuning during the frequency change, such as that first
described by Gilliland, the usefulness of the combination method may be
strikingly demonstrated. For example, in a test carried out at Slough at
1530 on March e, 1934, using an apparatus of similar principle designed
by Mr. L. H. Bvlnbridge-Bell, an aftera'icn of means frequency of from
4.0 to 4.2 mc./sa produced five inteorference fringes Io a first order
F-region reflection. This corresponds to an equivalent path difference for
the two magneto-ionic components of 7. 5 km., or to a difference in equiva-
lent height of 3.75 km,. I is obviou that differences in equivalent height of
I km. or less am be detected In thWs way.

12
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APPLETON, E.V., and K. Weekes. Lunar tides in the upper atmosphere.
Proc. Roy. Soc. 171A, 171-187 (19 May 1939).

Using the well-known radio methods of upper-atmospheric exploration,
a lunar tide has been detected in the Kennelly-Heaviside layer (Region E)
of the ionosphere. The magnitude and phase of the tide may be specified
by the statement that the experimentally determined expression for the
equivalent height of the lower boundary cf the layer is found to contain a
term of the form 0.93 sin (2t' + 1120) km., where t' is the lunar hour
angle. The tide is thus semi-diurnal, of the order of 1 km. and attains
its maxima about 3/4 hr. before the lunar transits.' To the accuracy of
the experimental results, it is thus in phase with the lunary barometric
pressure oscillations, as determined by Chapman for ground level at
Greenwich. Difficulties are encountered in reconciling the new results
with what has previously been deduced from other geophysical evidence
concerning the magnitude and phase of upper-atmospheric oscillations.
A

APPLETON, E. V., and W. J. G. Beynon. The application of ionospheric
data to radio-communication problems: Part I. Phys. Soc. 52,
518-533 (1940).

The reflection of waves obliquely incident on the ionospheie is studied
theoretically. A direct method of calculating the maximum usable fre-
quency reflected at oblique incidence by a thick "parabolic" layer, for
both short-distance (plane earth) and long-distance (curved earth) trans-
mission, is developed, and the results exhibited graphically. In an
appendix it is shown how the thickness of a "parabolic" layer may be
deduced from the results of vertical-incidence ionospheric sounding.
A

APPLETON, E. V. Two anomalies in the ionosphere. Nature 157, 691
(25 May 1946).

During the War, many new ionospheric stations were instituted in
different parts of the world to serve the operational requirements of the
Allied Forces. As a result, there have become available, for the first
time, sufficient data to provide a rough general morphological picture of
the F2 layer of the ionosphere. A study of these data has disclosed the
remarkable result that, although ionospheric events in the E and F1 layers
are similarly reproduced at the same local time on the same day at all
locations on a line of constant geographic latitude, the same is by no means
the case for the F 2 layer. It has also been confirmed, as was suspected
earlier, that under conditions of symmetrical solar illumination, an

13
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asymmetry of ionization exists for certain station on the same logitude and
situated at equal latitudes north and south of the equator.

These phenomena are best illustrated by considering maximum noon
ionization densities in the F2 layer at the equinoxes, when the sun's zenith
distance, X, is the same for equal latitudes north and south of the equator.
Feom a study of this kind for March 1937, it was found that the values of
critical frequency fF2 for Wuchang (lat. 30.5* N.) and Tokyo (lat. 35.6"N.)
were definitely higher than those for Watheroo (lat. 30.3° S.) and Sydney
(lat. 35.3* S. ). An asymmetry of ionization for sites of equal latitudes
north and south of the equator, and of roughly the same longitude, was
suspected. Many other examples of the same phenomenon have been noted
in more recent results.

In 1943, a further anomaly was identified when equinox noon vatues
for two sites of approximately the same northern latitude, but widely
dIfferent longitudes, were compared. It was found that the fF 2 values for
Delhi (lat. 28.5° N., long. 77.1° E.) were substantially higher than those
for Baton Rouge (lat. 30.0- N., long. 90.0' W.), indicatIng a variation of
noon ionization with longitude aloug a line of constant latitude.

These two anomalies are illustrated in Fig. 1, where all the available
March 1944 values of fF2 at noon are plotted as a function of geographical
latitude. The values correspcnding to a narrow range of longitude (60*-
900 W.) are ringed, and the curve drawn through them shows clearly the
asymmetry about the geographical equator. The 'longitude effect' is
illustrated by the fact that the values for Delhi (It. 28.5° N.) and fur
Kihei (lat. 20.8° N.) lie completely off the curve. The longitudes of these
two stations are, respectively, 77.1V E. and 156.5° W.

In rig. 2 the same values are plotted as % fuation of magnetic dip, and
it will be seen that the above-mentioned anomalies in respect of the low-
latitude stations have substantially disappeared. A geomagnetic cf -rol of
fF 2 , for low values of sun's -enith distance is therefore indicated. It
should, however, be noted that, for higher latitudes and thus for higher
values of X, the longitude effect to 1ractically absent, since fF 2 is more
ck4ely related to geographical latitude than to magnetic dip.

Later results, with a greater wealth of data, have confirmed the general
Aw'4ae of the continuous line drawn in Fig. 2, though it is not yet certain
whether or not the two maxima reach equal values. .t appears that, for
noon equinox conditions, there i a belt of low values of (F 2 circlin the
earth aid centred roughly on th magnetic equator.-- For stations situatod
within this belt it is found that these low values tre assooiated with marked
bifurcatioo of the F layer Into the F1 ard F2 strata. Such bifurcation is
aceowupnied by the usual phenomena "or example, low noon vahe, evoning
concentration of ionization, slow elecot. disajpearance after sunset, etc.)
with which we are famia" under English summer conditions. In other
worde the longitude effect and the geomagetic control are exhibited not
-Aly in the noon values of fF2 but also in the whole diurnal behaviour.

14
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I am indebted to the collaborating ionospheric authorities in America,

Australia, India and New Zealand for permission to use the results of
their measurements in the above figures. This work was carried out as
part of the programme of the Radio Research Board of the Department
of Scientifif and Industrial Research.
Excerpt

APPLETON, E. V. Geomagnetic control of F2-layer ionization. Science 106,
17 (1947).

For constant longitude, noon values of ionization at equal north and
south latitutdes are not equal. Also, noon ionization depends on longitude
for fixed latitude. if equinox noon values of foF2 are plotted vs geomagnetic
latitude, above anomalies disappear. In such plot, higher values of
ionization density are found near the geomagnetic equator, except for a
trough within 18 deg of equator. Reduced densities in equatorial region
are associated with bifurcation of F layer into Fl and F2 much as in
northern summer. Long-term variation of F2-layer density with sunspot
cycle is found, with ratio of maximum to minimum density depending
on season. Ratio is 2 in summer, 4 in winter.
M

APPLETON, E. V. Studies of the F2 layer in the ionosphere. J. Atmos.
Terrest. Phys. 1, 106-113 (1950).

The seasonal variations of the noon equivalent heights of the F 2

Layer at a number of stations are examined and the variations character-
istic of the northern hemisphere and of the southern hemisphere identified.
It is shown that the change-over from one type of variation to the other
occurs in a region which is more nearly coincident with the magnetic
equator than with the geographical equator.
A

APPLETON, E. V., and W. R. Piggott. World morphology of ionospheric
storms. Nature 165, 130-131 (1950).

The manifestation of an ionospheric storm varies with latitude. At
high-latitude stations geomagnetic disturbances are accompanied by a
negative ionospheric phase (i. e. a decrease in F 2-layer critical frequency).
At temperature latitudes the ionospheric storm often exhibits a positive-
negative phase sequence and at equatorial stations only a positive phase is
observed. The ionospheric changes asscoiated with suddenly commencing
disturbances and the influence of ionospheric storms on F 2-layer variability
are also briefly discussed.
EEA
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APPLETON, E. V., and W. R. Piggott. The morphology of storms in the
F2-layer of the ionosphere. I. Some statistical relationships.
J. Atmos. Terrest. Phys. 2, 236-252 (1952).

Find F2 critical frequencies above average for two days at beginning
of storm. There is then a major depression with a slow recovery. At
equatorial stations, however, there is a marked increase in foF2 simulta-
neously with the temperate zone depression. Find excellent correlation
of storm occurrence for stations of same longitude, if in same hemisphere.
Find that negative phase of storm starts frequently at 0600 to 0700 local
time. Disturbances are relatively rare for high latitude stations in local
winter.
M

APPLETON, E. V., and W. R. Piggott. Ionospheric storms and the geomagnetic
anomaly in the F2-layer. J. Atmos. Terrest. Phys. 3, 121-123 (1953).

Plot ratio of distrubed to quiet day critical frequency at Wakkavai for
November through February, 1949-50. There is a minimum at 0500, a
maximum at 2000 local time. Also plot ratio of Ottawa to Wakkavai critical
frequencies versus local hour, and obtain roughly similar curve. Ottawa
and Wakkavai are at about the same geographic but different geomagnetic
latitutdes. Thus suggest that the effect of a storm is to augment the exist-
ing geomagnetic anomaly. Fail to support Martyn's statement that during
an F-layer storm the Huancayo anomalies are removed, so the layer behaves
more like a simple Chapman region.
M

APPLETON, E. V. The anomalous equatorial belt in the F2 -layer. J. Atmos.
Terrest. Phys. 5, 348-351 (1954).

An examination of the maximum electron intensity Nm of the F2-layer
with time at various magnetic latitudes has shown anomalous effects in an
equatorial belt about 4000 km wide. In early morning Nm is a maximum at
the equator, decreasing steadily with latitude on either side. As noon
approaches a "trough" of relatively low Nm occurs on the equator with
"peaks" of Nm at 15-20° latitude N-S. In the late evening this trough is
replaced by a crest which disappears rapidly after midnight. The trough
and crest are explained as the results of the vertical expansion and contrac-
tion of the F2-layer.
PA
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APPLETON, E. V., A. J. Lyon, and A. G. P chard. TL-_ -fnto~n of the
Sqcurrent system in Ionospheric radio sounding. J. Atmos. Terrast.

Pliys. 1, 292-295 (1966).

Using the results now available from the world's ionosphere stations,
a critical examination of the behaviour of the I-layer of toe ionosphere has
been conducted with the '*ect6 of discovering ~iow for such behaviour is
explicable in termG of Chapm~an~s classical theory certainly gives a broad
general eiipl anation of IF -layer phenomena, a number of anomalies have
been. identified which Indicate thte operation of certain perturbing factors
not envisaged in Atn formilt'A~on. Swne of these anomalies have already
been reported (A.Vlec.L, 1955). The present not deals with the results c4
a further examination of one of tam namely the effect of electron transport
phenomena on auri=W variations of maximum electron density.
Excrp

APPLETON, E. V. Storms in the ionosphere. Endeavour 14, 24-28 (1955).

The author describes (1) the experimental radio-sounding of the
ionosphere for ionospheric forecasting giving the equations for the conditions
of reflection at vertical incidence for the ordinary case and for the extra-
ordinary case; (2) the characteristics of the E and F layers; (3) behaviour
of Ionosphere layers at high latitudes; (4) the characteristics of Ionospheric
stormy conditions in equatorial regions; (5) the variation of electron density
at noon in the E, F, and F2 layerst (6) the practical I-lcain ofa storm
chanes In the n2 layer In relation to radio circuits and (7 the possible
physical mechanisms of ionospheric storms.
MGA

APPLETON, E. V. eua inie lthe ionosphere. IN: Beer, A., ad. Vistas
in Astronomy. &, 779-790 (Pargamon Press, London, 1936.

A general survy of tonoepbertc phenomena Is give&, in which the
regula variations of the Z and F, layers, as Illustrated by their Lni~mate
depewidence on the sm's samnth distance. are contastued with the anomalous
behavior of the 72 layer. Using results from the world's ionospheric
stations , such snomal-Sius bebavior Is identifiled as gmantcdistortion,
most probably &n to abnoapheric tidel asod= operatng an a Ionized medium
In the presence of the earth's mapetic field. As an Ilutawion of such

geomgneic ontrol It is show thAt, in the r2 layer, the rl,, tio& of chnage-
om vefom the Northern to Owe Southern Hemisphere type v, nation Is more
nearly cclaokhed with the magnetic equator than with the ~cg;iýh equator.
MOA
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APPLETON, E. V. Equatorial anomalies in the F2 layer of the ionosphere.
IN: Beynon, W. J. G., ed., Some Ionospheric Results Obtained During
the IGY, Proc. Symposium URSI/AGI Committee, Brussels, Sept. 1959,
3-7 (Elsevier Publishing Co., New York, 1960).

Anomalies characteristic of the F2 layer in the equatorial belt centered
between *20" magnetic latitude were investigated. Three aspects of F2
morphology associated with equatorial condit-ions were briefly described.
The observed geomagnetic distortions were correlated with electron trans-
port along the Earth's magnetic force lines. Equatorial data for 1958, a
year of sun spot maximum, used for plots of fF2 with magnetic latitude,
have shown that the equatorial "trough" is more extensively exhibited than
at sunspot minimum. A remarkable sequence of height changes in the F-
layer during the evening hours was observed at the magnetic equator
simultaneously with a peculiar signal enhancement in the F-layer scatter
transmission. The phenomenon vanishes toward the :-20"' latitude. The
evening height anomaly was related to Solar activities. 'Ie investigated
sunspot cycle ratio of fF2 exhibited anomalous variations which are plotted
on graphs. Particularly at midr,43it two striking mayima were evident at
the edges of the anomalous equatorial belt. The analysis v1 these phenomena
indicated the existence of a meridional electron transport, first suggested
by E. K. Mitra (Nature, 158:688, 1946) in addition to the vre tical drift of
tidal origin. These couclusions were confirmed by observVuns at Panama
and Huancayo.
MGA

APPLETON, E. V. and A. J. Lyon.. dies of the E-lyer of the ionosphere-
1!. Electromagnetic perturbations and other anomalies. J. Atmos.
Terrest. Phys. 21, 73-99 (1961).

An extended, and more detailed, account is given of a result, first
described by the authors some years ago: namely, that the electromagnetio
influence of the Sq system of currents can be detected in studies of E-lakyr
morphology. This result has been subsequently confirmed by Be)non and
Brown, and by Shmazaki.

Part I of this paper was devoted to the derivation of various qumntita-
tive relations by whdoh the exlaimentally observed bobaviour of the Z-bsjr

could be explained in terms of ourrent theories of ionized laWer formation
and variation. It was thOwe shown that two valuable criteria in this ooumwdon
are (a) the nature of the diurnal asymmetry of N m() when corresponding,
forenoon md afternoon values are compuaed OX) the dependence of the
mean !-ve1 of Nm(Z), the Ifye maximum eleciton density, on we X.9
where X is the solar zenith distance.
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Departures from the predictions of simple theory have been Identified
by comparing E-layer characteristics observable at different times at a
given station, and at the same time at different stations. For example,
studies of diurnal asymmetry In foE and h'E Indicate departures from
theoretical predictions; and, moreover, disclose opposite trends in high
and low latitudes which we identify as geomagnetic pertur ions arising
from the motor effect of the S system of currents flowing in the E-layer.
The same geomagnetic distortion is identified as one main reason why
foE is not a unique function of cos X under comparable conditions. For
example, at a solstice noon, the maximum value of foE does not occur
at the sub-solar point, but on the equatorial side of It. This and other
phenomena suggest that, quite generally, the motor effect of the S. current
Is to raise foE In low latitudes, and reduce It in high latitudes, with refer-
ence to its basic value produced by solar radiation.

Simple theory smuets that, in the E-layer, Nm should be, substantially,
proportional to (cos X)1 / 2 at all times when Nm Is not changing too rapidly,
as is the case over the greater part of the hours of daylight. fterimental
evidence, however, shows that for the diurnal variation at constant latitude,
and also for a latitude variation at constant time (such as noon), Nm varies
approximately at (coo )02S. This and other anomalies, s'ioh as the oonsid-
erable variation of foE at constant X, and the anomalous asymmetry
observed at low co X, are also discussed.
A

,SOUR, A. A., and V. C. A. Ferraro. The hiowtion of electric currents in
an sotrc Ionosph�e" with a belt of high 2n2uLv _ r in al I
te equator. J. Atmos, Terrest. Plys. 26, 509-523o(194).

hn this paper we consider the currents lnduoed in an ankomtrople Iono-
spheric shell with a belt of high onmduotvity running parallel to the equator
by sudden extera• field dchne; but we have Ignored the differeme in
-oonduotvity between the day and night hemisperer iL a first essay of the
subject. We find that the sasming effect, whiab slows down the resulting
field danges obsrved at the surfas, Is mest pronounoed over the e"ua-
torl.l belt. Boms ofths sood , after the external feld Is set utper
will be a greeter o imtration of oum t rnnin along this quatoril belt
and this will cwns the observed field cagegos at first to be directed oppo-
sitely to the direction of the Inducig field. Therde the observed field
wiii slowly rise to the undistnbed value of the mrnal fleld as llmit. The
slowing down over the equatorial rogi may a"so be so pro ed tat It i
It Is possible that the reulting field c em igh ad& be eogmiuad ase a

19



A

sudden commencement; the occurrence of sudden commencements over
this region may thus be comraratively less frequent and there is a slight
indication of this in the records. It is difficult to decide, however, whether
the unexpected, preliminary reversal of the field changes can offer a
possible explanation of those sudden commencements of magnetic storm
which are preceded by a small preliminary impulse opposite to the main
impulse. The magnitude of the effect derived here is too small to be of
interest.

The anisotropy of the ionosphere will be shown to modify only that
part of the inducing field which is asymmetrical with respect to the geo-
magnetic axis. In this % ase this asymmetricai part will appear to rotate
about the geomagnetic axis from west to east at a rate depending on the Hall
conductivity. In cases of geomagnetic interest the asymmetrical part of
the field seems likely to be relatively small; McNish (1934), has shown
from an analysis of sudden commencements at Watheroo that the direction
of the average vector in a sudden commencement is very nearly opposite
to that of the main impulse, and that It lies practically in the plane through
the magnetic axis and the station. Nevertheless, as Ferris and Price (1962)
have shown, under certain conditions this effect may cause an enhancement
of the fleid instead of a screening. This remarkable resonance property
of the anisotropic ioLosphere may have important geophysical applications.

AUKL&E•,- K. F. Plasma physics and mnpetqics. ASTIA Report
by Headquarter AOTIA, Arlington, Virginia (March 1962).

AD-lU 170.

TkWhiA Igrapby was prepared by ASTIA in response to requests for
- cemarn/ both general and specific aspects of plasma physics

mdmi•p-cla* dyn•-lOs. The tations presented oover the period from
1W t.ar.ly IM which coincides with the period of greatest development
is *wwse b . research. Although many references may be related to
me thena me category establlshed, they appear only once in the bibliography
under the wjec area best Indicated In the report., I addit on to the geueral

'refssmoes an dwery, analysis and h entatlon 0 entries have been
loudad wi Ad cocr the specific Subject areas of electroo-iton collinsons,
elec• eaji0 wavea, as ionliation, mapetic pinch effects, microwaves,
So au plasma jets, plasma sheaths, propllat and pmopulOsJ,
oawoear applIcatIons,. re-entry raeoyn Ics, s.hook wavs and
almek awis, i solar and i 'raltmyrestal effects. A classifed volmne of
athi t~Ilqiw appears as AD-32o B00. Entrie awe ansagod alaabetW
Icavy by =n*#ad by AD number
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AUTERMAN, J. L. Fading correlation brAdwidth and short-term frequency
stability measurements on a high-frequency transauroral path. NBS
Tech. Note 165, National Bureau of Standards, Boulder, Colo.
(October 1962).

Measurements of fading correlation bandwidth and of deviations of the
instantaneous frequency from the average carrier frequency were made on
the 4500-km auroral path from Barrow, Alaska, to Boulder, Colorado, at
frequencies near 15 and 20 Mc/s.

The mean fading correlation bandwidth was found to be 4.3 kc/s. The
value exceeded 90% of the time was 1.0 kc/s; the value exceeded 10% of the
time was not obtainable. Generally, the badwidth was smaller during
periods of high magnetic activity or high fade rate. It also exhibited a
minimum near midday.

Cumulative distributions of instantaneous frequency deviations were
obtained for a variety of conditions. The distributions generally agreed
with a theoretical distribution based on a narrow-band Gaussian noise
model If the proper normalizing factor was used. The factor was 1.4 times
the measured fade rate. Distributions were also obtained of the percent
of time the frequency deviations exceeded certain values for various time
durations. Several examples of each type of distribution are presented.
A

AVRETT, E. H. Particle motion in the equatorial plane of thedaple maetic
field. J. Geophys. Res. 67, 53-58 (1962).

An exact relation is derived which describes bound particle erbits in
the equatorial plane of a dipole magnetic field. An exact expreesloa is then
obtained for the average angular velocity of the particle about the dipole
axis. The corresponding drift velocity Is compared with the usual first-
order expression based on a constant local field gradient. It is shown
that the first-order epression for the. drift velocity can be oonsiderably
In error when the particle loops are not small compared with. the mean
disanoe from the dipole axis.
A
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AWE, 0 '' fading of radio waves reflected from the ionosphere at oblique
-,.I ixdY~ce. J. Atmos. Terrest. Phys. 21, 120-141 (1961).

1 J g of radio waves reflected from the ionosphere at oblique
incit..... was studied by the use of pulse transmissions on frequencies near
2 Mc/s. R is found that echoes reflected from a height of about 90 km have
a fading period of about I min. Echoes from a greater height of about 120
kin, which usually appear only during or immediately after magnetic
disturbances, have a shorter fading period of about 6 sec. A clear distinct-
ion between reflections from these two levels is urged for an understanding
of the fading of echoes from the E-region. The spatial characteristics of the
diffraction pattern on the ground were studied by the use of three spaced
receivers. Possible models for the ionosphere irregularities which would
explain the results are considered. I is suggested that the irregularities
at heights near 90 km have the form of horizontal discs, that the irregulari-
ties near 120 km are spherical, and that the Irregularities near 300 km are
elongated along the direction of the earth's magnetic field, with an axial
ratio of about 3 : 1.
PA

AWE, 0. The fading of radio waves weakly scattered at vertical incidence from
heights near 90 km. J. Atmos. Terrest. Phys. 21, 142-156 (1961).

The fading of radio waves weakly scattered at vertical incidence from
heights near 90 km has been studied. Frequencies between 2 and 3 Mc/s
were used. The fading rate was found to be of the order of 20 maxima per
min, considerably faster than the fading rate for echoes from the normnl
E-region observed with the same frequency. The correlation between
fading records obtained with aerials separated by about one wavelength was
found to be small, The shape of the echo was found, on some occasions, to
be approximately that expected for reflection from a completely rough
screen. These results imply that appreciable energy Is returned from
directions well away fromn the vertical. I is 14owo that the fading it mainly
due to random movements of the scattering elements, rathei than a steady
drift, and the root mean square velocity of the scatterers Is found to be
about 13 m sec"1.
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BAILEY, D.K. 11w geomagnetic nature of the F2-layer longitude-effect.
Terrest. Mag. Atmos. Elec. 35-39 (1948).

The main conclusions deduced from a study of region F2 critical
frequency data from Japanese and other stations are : (a) The "!1ongitude
effect" in critical frevquencies extends to quite high latitudes. (b) A
trough of low values of fOF2 exists near the magnetic equator at noon at. all
seasons. (c) Near the minimum of this trough, region F2 appears to be
very thick and is sm-metimes sub~divided into 2 or more layers.
PA

BAILEY, D. K. African survey. IN: Semi-annual Report to Voice of America,
NBS Rept. 7096, Natonal Bureau of Standards, Boulder, Colo., 83
(July 1963).

In early 1963 D.K. Bailey of NBS-ICRPL, Boulder, Colorado, visited
institutions and organizations in the following African coowaries to discuss
ionospheric research and related topics.

(1) Addis Ababa, Ethiopia
Haile Selassie I University

(2) Nairobi, Kenya
The Royal College
East African Meteorological Dept.
USIS Monitoring Station
Kenya Broadcasting Corp.

(3) South Africa
(4) lbadan. Nigeria

University of Ibadan
(5) Accra, Ghana

University of Ghana
(6) Monrovia, Liberia

Voice of America
Radio ELWA

He records research being planned and performed at these locations.

ARDW, K. 1i6 ..h mutpl radio reflections from the D2 lawe of the lsshr

anIndependent lyrat 90-100 km height. 1 os~ee htf oia
UmIn this layer resUlt from the impact of meteors on do atmosphere
andhat it may therefbor be called the meteoric 3-layer. The distinctiv.

properties may be uwed to extend the mms of Owe ionosphere for later-
mnediate distance dlomuoaon
ERA
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BAJPAI, -R, R. Recordling ionospheric echoes at the transmitter. Proc. Nat.
Acad. Set. India, 6, 40-48 (1936).

A simple 4 Mc./sece transmitter arranged to give pulses was con-

nected to a h.If-wave horizontal dipole placed approximately N. and S.
The receiver for operating the kathode-ray tube was inductively coupled
to the same aerial system. The whole is synchronised by injecting a
small voltage from a 50-cycle source. The equipment was set up at
Allahabad, India, and the paper gives an account of the results obtained
between December, 1934, and February, 1935. Echoes from the F-layer
were almost always recorded and occasionally some observed from the
E-region. Investigations carried out during the course of a lunar eclipse
seemed to show a definite lunar effect on the ionosphere.
PA

BAJPAI, R. R., and K. B. Mathur. Group velocitS curves for radio-wave
propagation in the ionosphere. Indian J. Phys. 1, 165-175 (1937).

Find group velocity becomes zero at one more point than does
refractive index. It is,

2 2
2 2 -Ph
PO 2 2

L

where p is the frequency, p0 the rio H critical frequency, ph and PL the
gyro and longitudinal-gyro frequencies. Draws curves showing variations
of group velocity for ordinary and extraordinary wave in typical cases.
M

BAJPAI, R. R., and B. D. Pant. A study of the F-reglon of the ionosphere.
Indian J. Phys. 12, 111 -22 (1036).

Measure diurnal nwture of F2-ayer critical frequencies. Find that
sometimes ionization goes up in absence of solar radiation. Don't think

ocntraction due to cooling will explain. Point at other inconsistencies of
solar light theories. Tbink some other ionizing agency must be detected.

M

BAJPAI, R. R., and B. D. Pant. Further studies of F-region at Allahabad.
Indian J. Pbys. 13, 57-71 (1939).

Describe F-layer investiaUions during 1937-38 on several frequencies.
Found good correlation between hour of minimum F-virtual height and
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hour of maximum barometric pressure. Find Fl till about ten o'clock at
night. Describe at length complex echoes they observe.
M

BAKER, W. C., and D. V. Martyn. Conductivity of the ionosphere. Nature
170, 1090-1092 (1952).

The explanation of the observed geomagnetic daily variations in terms
of the dynamo theory, and tidal osciliations is examined and it is concluded
that all the combined regions of the ionosphere appear to have insufficient
cond&ctivity, by a factor of at least 10. Re-examination of the fundamental
'Wiac!•ples involved in the production of electric currents by tidal winds
shows that there are ajditional sources of effective conductivity previously
ignored: when the electric field, current and magnetic field are all
mutually at right angles (Hall conductivity), and when currents flow
parallel to the electric field and tranevcrse to the magnetic field. Allow-
ance for these increases the effective conductivity of the ionosphere by a
factor of 12 over moat of the earth, and by a factor of 29 near the nrag-
netic equator. This suppc -s the dynamo theory and also appears to account
for the anomalously large magnetic variations at the magnetic equator.
The curreut syster' !bould lie mainly in the region 100-150 kIn.
PA

BAKER, W. G., and D. F. Martyn. Electric currents in the lonosgpbe. I.
The conduotivi&. Phil. Trans. Roy. Soc. 246A, 281-294 (1953).

An earlier suggesion by Martya that the effective conductivity of the
ionosphere in the dynamo theory is enhanced by polarization of the Hall
ourvvnt is examined in quantitative detail. General expressions are given
for the ooAdictivties of a thin ionized sheet oriented at an angle to a
uniform magnetic field. T7e effective onguctivtty of such a (spherical)
ahest surrounding the earth is shown to be greater than either the Pederson
or the Hall o~ductivitite. Th1 variation of 4. iduotivity with latitude is
calculated for the Sonospheric level of maximum effective conductivity.
Cosideratton is given to the height-integrated oonductivity of the actual
tonosjprer, -Ad efftative values deduced. It is shown that the F2 region
wlU moe bcaily under the tnfluenoe of the electric field from lower region.
thereby reducing its &blity to shunt the HaH polariatlon field.

'The eftective ondactivtty over most of the earth is found to be
sufficient !9 satisty ftswart's dhnamo theory. In a narrow strip at the
equator the €owku* .tWYy is enh.o'-'d, thereby accouutiw tor the
anaomg ur large magnettc variations found to oocur iL dose regions.
A
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BAKER, W. G. Electric currents in the ionosphere. 11. The atmospheric
dynamo. Phil. Trans. Roy. Soc. 246A, 295-305 (1953).

Assumrng semi-diurnal tidal air flow a solution is made of the atmos-
pheric dynamo problem, taking account both of the direct and transverse
conductivities of the ionosphere. The spherical sheet ionosphere is divided
into three regions, a narrow equatorial zone, and iwo wide polar caps,
taking appropriate constant conductivities in each region. The current
system is similar in shape and phase to that derived on the assumption of
uniform (direct) isotropic conductivity, but is considerably more intense
than that which would be obtained without the existence of transverse (Hall)
conductivity. The electric field system is very different, however, from
that derived on this (isotropic) assumption. An abnormally large east-west
current is found at the equator, which appears to n'rovide the explanation
of the anomalous magnetic variation in this region. Curves are given
showing the distribution of the field and current components.
A

BALSLEY, B. B. Evidence of a stratified echoing regio at 150 kilometers in
the vicinity of the magnetic equator during daylight hours. J. Geophys.
Rea. 69, 1925-1929 (1964).

Radar observations made at the Jicamarca Radar Observatory near
Lima, Pe-', have shown evidences of a narrow, stratified echoing region
which exists ,daing daylight hours in the height range extending approxi-
mately from 140 to V?0 km. This is well above the 105- to 115-km region
ascribed to the equatorial electrojet. 'he echo power from this higher
region is normally quite weak, being considerably below the normal daytime
level of signals scattered from the electrojet [Bowles et al., 1963) . yet it
is strongei by at least 20 decibels than the echo power expected due to
incoherent scatter from the ambient ionization (Bowles, 19611.

Experiments designed to investigate the properties of this region in the
vicinity of 150 km were performed during th early part of May 1063.

Arguments in the preoeding paragraphs demonstrate the dissimilarity
between the 150-kma echoing region and the region of +he equatorial electrojet.
There exists also the possibility that the observed echoes arise from side
lobe reoeption from nonequatorlal sporadic E, which. from geographieal
considerations, would occur predominantly to the north of the observatory.
This possibility may be most esily disoowited by the fact that when thls
type of interference occurs it is observable over a widely varying ranwe
delay somewhat gieater than the 150-km radar range and is not reitrictid
to the narrow regins to which the subject echo is confined,
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Examination of the Huancayo ionograms, Figures 3b and 4b, shows that
the virtual height of the lower F region in the two ionograms at these times
differ by about 10 km. Also note fitt the composite height of the 150-km
echoing region in these two cases differ in the same direction by the same
amount. This similarity holds true during all the days of investigation
mentioned above.

It is tempting to postulate a casual relationship between the steep gra-
dients existing below the F-region maximum and the echoing region at
150 Ian, although sufficient data have yet to be collected. Also worthy of
note is the fact that the slowly fading characteristic of thi strongor 150-km
echoes is similar to the fading sometimes exhibited by VHF echoes received
from the nighttime spread F at these latitudes. Further experiments de-
signed to investigate the more elusive properties of this region are p!xwed
for the near future.
Excerpt

BANDYOPADEYAY, P. The early morn2M! E-laer and some evldence of
presunrise F-Iayer "splitting," J. Atmoe. Terrest. Phys. 16,
84-92 (1999).

Two sarly morning phenomena, one relating to the U-layer cusps and
ridges and the other to the F-layer traces as observed in the h-f records
made at Haringhata (Calcutta), are described and discussed. The early
morn•ng E-2 layer cusps and ridges are found to be a regular sunrise
feature of the Ionograms. They show maried seasonal variation of
character and frequenoy of occurrence and are most prominent tri winter.
The early morning F-layer records show, also in winter, a peculiar kind
of "splittng' which is quite diatince from regular Fi-, F2-bifuroatiun.
This F-layer "splitting' and Ii possible bearing on the X-layer phenomena
described above are discussed. iepremstattiv Wonopaeas of the two
phenomena are given.
A

BANDYOPADKYAY, P. Electron distribution in fthe F-.-.r at the lNgMowr*
over Hat ita Calctta on quiet andMntd ftb4~s. J. Atmos.
Terrest. Php. 18, 127-13 (1960).

The p•apr presme the results of a study of the behavior of thf F layer
of the imosphere over Hazinghata (Calcutta) an quiet sad dubed days.
The so* is made from 'lm quite F layers" and 'mWev disUAbe F
laytirs" coastrcted for this place Wowing the method of Oe CambriV
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group of workers. The quiet-day results are further examined with a view
to verifying the model of the coefficient of electron loss in tr 'ayer, as
derived by the above workers.
MGA

BANDYOPADHYAY, P., and S. K. Chatterjee. Decay of ionization below the
F-layer at night. Indian J. Phys. 3.5, 240-244 (May 1961).

The experimeLktal results of Titheridge variation of the total amount of
ionization below the night-time F-layer are re-examined. It is shown that
it is not possible, on the basis of the above results, to discriminate between
Titheridge's constant a-model and Mitra's time dependant a-model. On
other physical grounds, however, it is concluded that while Titheridge's
model will possibly hold in the upper part of the region studied, Mitra's
model will be valid near the bottom.

BANDYOPADHYAY, P., and H . Montes. Some aspects of EM ionization of the
magnetic equatorial region. J. Geophys. Res. 68, 2453-2484 (1963).

fhis paper presents the results of an examination of diurnal and sea-
sonal variation of the occurrences of three different types of sporadic E,
namely, q, 1, and f types, at the South American transequatorial chain of
stations. Lunar influences and some correlation with geomagnetic disturb-
ances on the occurrences are also discussed. The Huancayo lonograms are
examined in some detail to study closely the Esq, particularly its sudden
disappearances. The Himncayo magnetograms are also examined to
associate some of the observed characteristics of Esq wiW•h certain
distinctive fealtures of the magpetogrvms.
A

BANERJEE, R. B. Studies on the sporadic E-hqer. bxU1vk J. Phys. 25, 359-374

(1961).

Attempt has been made to Investigate the structure and properties of
the sporadic Es region of the ionosphere from a sto*s of the fading of the
ehoes from this region. stathetical apr osm shows that fanecho ofte
of two components, one superposed on the other. On of the coponeuts
ts due to random scattering and the other to a steady refle•ton. This
shows that the , regiolo osists of a regularly reflecting region and a
region of Ion-clouds. A method for timating the avoraege umtbr density
of electrons in the clouds thbeen developeds It Is found that the avrap
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number density is below that required for totally reflecting the exploring
waves. Expressions for the variation of reflection coefficient with the
variation of exploring frequency has been developed for a thin and for a
semi-infinite layer. (The electron distribution at the boundary Is assumed
to have a linear profile.) The expression shows that it is possible from the
observation of reflection-characteristics to distinguish between the two cases.
Hence with the help of this expression one can investigate the structure of
that part o the Es region which gives rise to the steady echo.
A

BANERJEE, S. S., and B. N. Singh. Effect of transverse magnetic field on
refractive index and conductivity of ionizad air. Science and Culture 4,
597-598 (April 1939).

Using a method previously described for longitudinal magnetic fields
experiments are performed with a transverse magnetic field, and the re-
sults given in curves which resemble those for a longitudinal field. With
the transverse field, however, the conductivity of ionized air does not
always reach a maximum at the gyro-frequency, but is considerably af-
fected by the collisional frequency and electron density of the sample.
PA

BAN4EPJr•. 6. S. aid G. C. Mukerjee. Space-diversity .eception and fading
of hort-wave signals. Nature 158, 413-414 (1946).

It to well known that fading patterns of short-wave signals as received
on two or more aerials spaced a few wave-lengths apart are independent
of each other; and ts fact has been utilized in sapae-dLerslty reoeptien,,
where the outputs from separate receivers connected to such aerials are
mird toether in order to obtain a fairly constant signal lvel. It is
pnerlly assumed, however, that the variations of intensity of signal on a
slngla aerial are of random nature oused by scattered waves from dff-
fracting centres In the ionosphere.

As a preUminary to the Investigation of the various modes of diversity
recept within a iomited space, we have recently made a large number of
visual &ad automatlo ink v *ord&. fading of short-wave &ignals received
from All India Radfo, Delhi, situated at a distanoe of 678.4 km. It has been
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observed that there are occasions when the nature of fading of the signals
rapidly changes from random variations of peaky type to a smooth and quasi-
periodic nature, often accompanied by slow change of a few minutes. Ob-
servations have been made on 41, 31, 25, 1.?and 16-metre bands, with
vertically polarized waves, mostly during the 4Ay-time. The slow varia-
tions associated with the quasi-periodic nature of the fading suggest that
purely random variation, agreeing with .ayleigh intensity distribution, may
occur so long as the wave suffers single-spot reflexion in the ionosphere;
but, as soon as the signal undeijoes two or more reflexions, either from
one ionoýric layer or from two different layers simultaneously, the
fadiig pattern changes from random type to comparatively smooth and
quasi-Drtiodtt type, With slow variations, resembling the pattern in the
output of diversity receivers.

Automatic ink records of the fading pattern have been made with a 7-
valve superheterodyne receiver after removing the incorporated automatic
volume control system. The rectified signal from the second detector was
amplified by a neon-coupled two-stage D. C. amplifier, the output of which
was applied to the pen recorder with vertically moving paper, run by a
self-governed electric motor. The speed of paper was maintained at 4.5
cm./min. Three typical records of fading of signals are reproduced.
Fig. 1 shows the usual peaky and random variations on the 25-metre band in
the morning hQurs due to single hop path necessitated by low ionic density.
Towards the end of this diagram it will be seen that the variation tends to
be less rapid, as just after that time the fading pattern changes gradually
to the type shown in Fig. 2, which exhibits the delineation of the same
signal received later, with quasi-periodic nature accompanied by slow
variations caused by double reflexion at two different spots in the ionos-
phere. For the sake of comparison, a typical record of random fading
of the B. B. C. (London) station is shown in Fig. 3, and it will be observed
that the pautern of fading is similar to that in Fig, 1, as both the signals
have presur•bly undergone single reflexion in the ionosphere. Thus the
fading patterns shown In the above records indicate that the type of
variation of intensity of signals changes as the number of reflecting spots
in the ionosphere is altered.

Calculations made from the avenge equivalent heights of ahe E and F
layers, and the required angle of radiation from Delhi station show that
electronic concentratios of about 1.5 x 105 to 6.4 x 105 electmns perIc.o. and 4.7 x 105 to 1.2 x 106 olectron per c.c. for single addouble
roflexions respectively would be necessary for an incoming wave of the
25-metre band. The hours of such concentration In the E-layer as observed
at Calcutta age fairly well with the occurrence of the above chanp in
fading lattemrn, espeoially during morning hours between 0630 and 030
hours 1.8. T., durim which period the rise in Ionic densily Is very rapid.
Thus the above observations ar useful In exl*ainin the prlnople and
application of divers*ty reception, and also in throw light in the direction
of further development of such systems.
Exoerpt 30
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BANERJEE, S.S., and G.C. Mukerjee. Fading of short-wave radio signas and
space-diversity reception. Part I. Phil. Mag. 39, 697-712 (1948).

The existence of ionized layers in the upper atmosphere (ionosphere)
was proved quantitatively by Appleton and Barnett in 1925 from the observa-
tions of fading of radio signals received In an aerial situated away from the
transmitter. Since that time, attention of various investigators has been
drawn to the study of variation of intensity of received signals from a re-
mote transmitter with a view to explore the conditions of the ionosphere
suitable for establishing radio communications between two stations
situated apart. In most of such experiments, medium waves have been
employed and observations have been made either in presence of the ground
wave or after its suppression. In case of short-wave transmissions,
however, the variations of signal Intensity have been recorded outside the
reach of ground waves. The nature of variations of intensity of received
signals has generally been observed to be irregular and such variations
have been sugested to be due to random scattering from diffracting
centres in the ionosphere by Ratcliffe and Pawsey. Variations of intensity
of short-wave signals have often been found to be very quick and occasionally
possessing regular characteristics. Adequate explanations, however, for
the various types of fading observed during such investigations, particularly
for short-wave transmissions, appear to be still very meagre.
Excerpt

BANEBJEE, S.S., and R.N. Singh. Periodic or rhthmio variation of the inten-
sity of short wave radio senls. Indian J. Phys. 22, 413-422 (1948).

The present communication contains the results of detailed study of
periodic or rhythmic types of fading of radio sigals which ar generally ob-
served during the sun rise and sun set hours. It has been shown by mea-
serement of t6e angles of arrival ot the downooming waves that such periodic
facing may occur due to interference caused by two waves refleoted either
from one or two different layers of the tonosphwm containing required
amount of electronio densily, when one or both So layers have slow vertical
movement, preumably do. to rapid chaoe o electronic density &avri the
transition periods of lonisatlo of the layers. It has been ftrther shown
that the developmnt of slow periodic fadi occurs chs to the awroach
of ,uadmum usabl frequenciU between the tasmittin and receivin
statims, and on soh ososlaus the Isnmzfremae Is caused by magnsto-
tonio oompomis of refleoted waves as su•ested by Appleton and Bynon.
The teue omps have been varlfed by. ,•ordog the periodic
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fading of short wavb signals transmitted from Delhi on 16 to 41 metre bands
at various hours of the day during different months.
A

BANERJEE, S.S., and V.D. Rajan. Long distance scatterine oi radio signals.
J. Sci. Indus. Res. lOB, 161-164 (1951)

Observations made at Banaras of 31 m signals received from Delhi
during night hours are reported. These are presumably scattered from
ground objects beyond the t~ammitter, being twice reflected at the ionos-
phere at oblique incidence. The intensity is much lower than when trans-
mitter and receiver are close together.
EEA

BANERJEE, S.S., and D.K. Banerjee. Scattering of radio waves and hori-
zontal gradient of ionization in the Ionosphee.. J. Sci., Indus. Res.
12B, 277-279 (1953).

Multiple scattered signals obtained at vertical incidence with a low-
power (2. 5k%0 pulse transmitter are discussed. The mode of propagation
between ground and ionosphere is explained and illustrated. From echoes
obtained on Feb. 14, 1963 the horizontal gradient of ionization in the atmos-
phere is determined and found to be in agreement with electronic densities
measured by the Research Department of the All India Radio.
N

BANEDJEE, 8.S., D.K. Banerjee, anl V. D. laan. Scatterfng o shortwave
radio sigal and their bearing on the lonoep&are. J. &'i. l0. Res.
IRAs 278-282 (1933).

After a revL-. of previous work on the scattering of puls si•ials,
some results obtained by the authors at Amsram are considered. Obser-
vatios at oblique twidenoe indicate that s•attering aa4 be observed on any
ocoahlon wher. reflected signals am absent, independently of the presence
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of any E- or Es-layer provided that sufficient power and sensitivity are
available. This suggests that the scattering takes place at the ground.
Scattering at vertical incidence has been observed with low power trans-
missions, even in the presence of the split magneto-ionic components.
EEA

BANERJEE, S.S. and D.K. Banerjee. Variation of horizontal gradient of
ionization in the ionos phere, J. Sci. Indus. Roe. 13B, 72-73 (1954).

Values of the horizontal gradient of Ionization (difference per 10 cm
between critical frequencies for F, -egion at Banaras and at Delhi) in the
morning and in the afternoon are presented for Oct. and Dec. 1952.
Variations of the gradient show much wider range and higher average in the
afternoon than they do in the morning.
N

BANNON, J., and F. W. Wood. Cause and effect in region F2 of the ionos-
phere. Terrest. Mag. Atmos. Elec. 51, 89-102 (1946).

For both hemispheres in the neighborhood of latitude 350 the behavior
of region F2 of the ionosphere has been examined. It has been found that:

(1) There are great differences in the graphs of monthly mean noou
values of maximum electron-density (N) for Washington, Wuchang, and
Tokio in the north, but only smali differences for Watheroo, Mount Stromlo,
Wellington, Pnd Christchurch in the south.

(2) For all stations for which data are available, midnight R is in step
with the Sun, being a maximum in summer and a minimuip in winter.

(3) Noon values of N correlate with -,lues c."i cos1/2 )( (where i is
the monthly mean Wolf sunspot-number, uW 3 .is the local zenith-angle of
the Sun at ncon on the 15th day of the month) to give correlation-coefficients
(p) equa! to 0,50, 0.60, and 0.25 for Mount Strouao, Watherco, and Wash-
ingtoa, respecti"•ely.

(4) Midnight values of R and i co 1/2 V give values of p for Washington
and Mount Stromlo equal to 0.85 and 0.10, respectively. On the other hand,
for R and i cos02, the values of p for the same two stations are 0. 75 and
0. 90, respectively. The graph of midnight N for Washington follows closely
the graph ot pi oosVZ?, where p has the value 0.4 x 104. while the graphs
of midnight R for Mount Stromlo. Watheroo, and Tokio follow closely the
curve of A] anz• where p, equals I x 104 .06 X 104, and 0. 75 x 104,

respectively.
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(5) Midnight values of the annual mean maximum electron-density
(Na) for Washington are linearly related to annual mean sunspot-numbers
(sa). This follows from the fact that noon values of Na bear a linear
relationship to midnight values of Na. In 1937 about 90 per cent of Na for
Washington was due to sunspots.

(6) The noon values of monthly mean equivalent heights show very great
seasonal fluctuations. The midnight values are comparatively steady.

(7) In the Northern Hemisphere the graph of s cosl/2T( for the period
1934-40 is, for the most part, in step with the Sun, whereas in the Southern
Hemisphere it shows no relation to solar altitude.

It has been concluded that:
(a) There is a variation, in the composition of region F2, from place to
place over the Earth's surface.
(b) The annual effect found by Berkner and Wells may be due to the variation
in composition of region F2, and to the differences in 1 cosl/2T in the two
hemispheres.
(c) The annual effect has not a sidereal cause.
(d) As far as annual mean values of maximum electron-density are con-
cerned, the transition from noon to midnight is :1 Influenced by the number
of sunspots.
(e) If the thermal-expansion hypothesis is correct, midnight temperatures
are probably low, and do not vary much throughout the year. Summer-noon
temperatures are mery much higher than temperatures at midnight.
A

BANSAL, T.D. Ionospheric height at Allahabad. Techn. Phys., USSR 3,
U11-134 (1936). (In English.)

This deals with an investipgtion by R. R. Bajpal (1936), but the reatults
are recorde In more detail and lagey in gr-'hical form. A Bibliography
of over 40 refrences is given at the end of the paper.
PA

BARAL. B.S. and S. N. Mittra. Effect of solar eclipse on the ionosphere.
Sc. Culture, 10 175-176 (1944).

A series of ionospherie measurementa were made with the Ionosphere

apparatus at the University Collee of Scienoe, Calcuta (lat. 220 33' N,
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long. 88° 22' E) during the solar eclipse of July 20, 1944. The eclipse, as
observed at Calcutta, was a partial one. At the instant of maximum ob-
scurity 87.5% of the sun's disc was covered. Variations of the penetration
frequencies of Regions-E and F2 were made with the progress of the eclipse.
The measurements were started one hour before the commencement of the
eclipse and were continued at intervals of about 20 minutes up to one hour
after the eclipse was over; the observations were made more frequently
about the middle of the eclipse. Observations were also made 3 days before
and 3 days after the eclipse during the same local hours to check the average
condition of the ionosphere.

The variation of ionization of both the regions was found to be quite
normal on the control days. On the day of the eclipse, during the hours
preceding the start of the eclipse the ionization of Region-E was found to
be alightly less and that of Region-F 2 slightly greater than the average
ionization as recorded from the control observations. With the progress of
the eclipse, however, the ionization of both the regions fell below the
normal values. For Region-E the ionization decreased smoothly and the
minimum was attained 10 minutes after the eelip'e maximum. The minimum
of Ionization was about 43% below the normal value. For Region-F 2 the
maximum decrease obse-ved wa. 0.0% and it occurred 14 minutes after the
eclipse had reached its maximum.

Fig. 1 depicts the sharp minimum in the ionization of Region-E. For
the case of Region-F 2 (Fig. 2) however, the minimum is not as marked
as in the case of the ,Ugion-E, though the ionization is found to be de-
pressed appreciably below the normal value during the eclipse period.
A

BARAL, S.S. Studies on the ionosphere at Calcutta. J. Sci. Indus. Res. 7,
59-70 (1948).

The results of normal incidence !onowpheric measurements made at
Caleutta during Aug. 1944, Aug. 1947, arf plotted as monthly mean ,hourly
values. Some data on sporadic E-reflections are also given.
PA

BARAL, 88., 8.N. Ghoah, and M. Debray. Abnormalities in the F-region
of theonosere at Calcutta. Nature 161, 24 (1948).

During Januatr, 1947, a month of maximum sunspot activity, the
electron dernstý as observed at Calcutta and Madras maintaibd Its high
noon value until late in the evenbl, instead of falling during the afternoon,
as was observed at DeLhi and at Slough. The difference in magnetic dip
values at Calcutta and DeWlh Is pointed out.
PA
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BARAL, S. S. and A. P. Mitra. Ionosphere over Calcutta. J. Atmo3pheric
Terrest. Phys. 1, 95-105 (1950).

Ionospheric records made at Calcutta during the solar half cycle Jan-
uary 1945 to June 1950 have been analyzed with a view to determine the
values of the following lunospheric parameters: (1) rate of electron pro-
duction, (2) temperature (3) effective coefficient of recombination. The
value of the terrestrial magnetic field at the average height of region F2
has alro been determined. The following are the results obtained:

(1) For Region F2 the rate of electron production is highest after sunrise
and before sunset and lowest during midday (400/cm 3/sec after sunrise and
before sunset, and 60/cm3 /sec during midday). The same is also true t,
a lesser extent for Region E. Exceptions to these types of variation occur
only during winter (specially during the period of low solar activity) when
the rate is more nearly normal.

(2) The seasonal variation in temperature is most marked for region
P2 (varies from 700* K in winter to 12000 K in summer during high solar
activity and from 509) K in winter to 9000 K in summer dtIring low solar
activity). It is shown that the total variation is not due entirely to the
direct heating effect of the sun, but partly to the presence of a rising
temperature gradient in the F2 layer and the transport of the F2 layer as a
whole from a lower to a higher region.

(3) The effective coefficient of recombination undergoes seasonal and
diurnal variation for both E and F2 regions. For Region E, the variation
depends only on temperature: for Region F2 on temperature and on pres-
sure. Representative values of the coefficient are 1.5 x 10Oin cm 3/sec in
winter and 6 x 10-11 cm3 /sec in summer for Region F2 and 2 x 1C0 cm3 /
sec in winter and 1 x 1079 cm 3/sec in summer for Region E.

(4) The value of the magnetic field at the average height of Region r2
agrees with that expected from the inverse cube law (0.36 Gauss). The
magnetic field also shows a seasonal variation.

Graphsshowing the variations of the different quantities studied are
given. A graph depicting the sclar activity during the period (Zurich sun-
spot number) is also given.
A

BARAL, S.S. and A.K. Saba. Observations at Calcutta of pulses transmitted
from Delhi. Indian J. Phys. 26, 521-538 (I52).

Pulses were transmitted from Delhi during Novenber, 1950 and May-
June, 1961 at 17.74 Mc/s and 21.70 Mc/s. The various modes of pro-
pagation by which the echoes could be received are critically esamined.
It Is concluded that the received echoes o, rrespond only to single-hop
F2 -layer reflection and not to multi-hop F2 layer or to single-hop F or F1
transmission. Absorption of the pulses in the Delhi-Calcutta transmission
path is estimated. From a staitistical analysis of the fluctuations of the
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,rer:; :i es, it is conriided tuo• thte vcho corrv-;.ndn'ting to the lo•ri
or v riy w:!s more stable Uim.that urr-sponding to the upper ,rndin;ry
or the 'Ara.
EFA

BARAL, S.S. Studies on sjrdic E. J. Sci. Ind. Res, IlAA, 290-296 (1952).

Author discusses the results of his analysis of world data, 1945-1951,
available on sporadic E (Es) of which the highlights a,'c: 1. the main source
of Es ionization is the meteoric impacts. 2. Both intensity and frequency
of occurrence have two maxima: (a) one near the equator and (b) another
near 700 lat. The author speculates on whether or not the pronounced ef-
fect found over the geomagnetic equator has some bearing on the upper
atmospheric (electro-jet) current system over Huancayo. 3. The diurnal
variation of Es falls off from the equator towards the higher latitudes.
4. Of the two theories of the structure of the Es, the "thin layer" and the
"ionized patch," tie latter is strongly favored because of observational
evidence.
N

BARAL, S.S. Lunar tidal variations in the F2 region of the ionosphere.
J. Technol. 1, 175-177 (1956).

Studied lunar tidal variations at Calcutta between January 1947 and
January 1953. Found io and hp oscillations almost in phase quadrature.
Calculates lunar tidal drift velocity using Martyn's theory as 1,25 km/hr.
M

BARBIER, D. Researches on the 6300 line of the night airgluw. Ann. Geophys.
15, 179-217 (1959). (In French.)

A large number of obseriations made at the Haute-Provence and
Tamanrasset observatories are discussed. Resulth, some of them entirely
new, are given as follows: (1) Existence of a twilight phenomenon, which
can be observed in the direction of the azin~uth of the sun, as long as this
one is no more than 28 -30" under the horizon. This could be due to
radiative dissociation of 02, whose scale height in the 250-300 km range
of altitudes, must be around 70 km. During periods of solar activity, twi-
light emission is often very strong. (2) Electronic radiative recombination
explains the intensity decrease observed at the beginning of the .. 4t•t. Mean
height Is 275 km. By compartson with ionospheric measurements, the 02
scale comes out to be 80 km. These results are valid during the winter
months only. (3) The increase of intensity during the second half of the night
is associated with a propagation along the geomagnetic meridian. Its mean
height is 230 km. (4) Bursts of intensity are sometimes observed, during
summer at the low altitude station of Tamanrasset. In winter there are so
many such bursts that the variation of intensity in Tamanrasset has a
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BARI3IER, D. , G. Weill, J. Daguillon, and J. Marsan. Emission of the red
line from the night sky in the inter-trovical zone.- Compt. Rend. 252,
304-305(1961). (In French).

Routine observations made during the IGY at Tamanrassat (220 47'N lat.)
showed that the behaviour of the 0 1 emission at 6300 A is quite dissimilar

to that found in temperate zones. In particular, the presence of radiai
arcs following approximately a parallel of geographic latitude was estaiblished.
For example, a northerly arc was observed at heights between 200 aind 400
kmi, its location varying between 160 and 22J N lat. A similar arc was ob-
served at a location south of the equator from an aircraft, although its
features wcre less clearly delineated. Between the first and second halved
of the night it was seen tc move from 150 to 7I S lat. Throughout the inter-
tropical zones, sub-visual auroral arcs were detected also in 0 1 emission
at 5577A.
PA

BARGHAUSEN, A. F., D.A. Lillie, and E. Stiltner. Equatorial ionosphere
propagation experiment. Part A. Proposed experimnent and theorctical
predictions. IN: Semi-annual Report LaO tpice of America, NBS Rept.
7621, National Bureau of Standards, Boulder, Colo., 78 (Dec. 1962).

The object of this report is to delineate an experimental program
which deals with a study of ionosphere propagation irregularities and their
effects on communication systems operating near the magnetic equator.
This program is sponsored jointly by the National Bureau of Standards and
"the United States Information Agency.

The report is divided into two parts. The first part, presented here,
deals with the planning of the experiment an~d the theoretical predictions
of th g expected results. The second part, to be prepared at the ccnicluston
of the field experiment, will compare the predictions with the actual meas-
urements and piisent the results of additional studies and their related
effects on communication systems in equatorial regions.
Excetrpt

BARGHAUSEN, A. F., D.A. Lillie, and E. Stiltner. Equatorial ionosphere
propagation experiment. Part B. Propimnary results. IN: Semi-
annual Report to Voice of America, NBS Rept. 761, National Bureau
of Standards, Boulder, Col., 98 (Dec. 1962).

Recordings of phisrp and field strength began at Accra, Ghana on Octo-
ber 22, 1962 of C-W transmissions from Monrovia, Liberia on 10. 1018
M/cs and 20.2036 m o/a. From October 22 to October 31 flutter fading
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occurred on the 28th, 29th and 31st. Since this short recording period may
not be i-presentative of the entire: autumnal equinox a detailed examination
was made of field strength and fade rate records which were taken by the
University of Ghana on 15.07 Mc/s £3BC transmissions from London.
These records indicate that flutter fading occurred on only six days '4,iring
the period from September 26, 1962 to October 31, 1962. Five of the six
days on which high sreed fading was evident occurred between October 23
and October 29.

BARGHAUSEN, A. F. and D.A. Lillie. A study of radio propagation charac-
teristicE in the equatorial ionosphere. IN: Semi-annual Report to
Voice of America, NB.S Rept. 7696, National Bureau of Standards,
Boulder, Colo., 797 (July 1963).

This report constitutes a summary of all of the applied research ef-
forts under Project 82425, USIA Area Investigations, for the period January-
June, 1963.

All research work reported is based on experimental results obtained
from measurements over two paths parallel to the magnetic dip equator.
The paths extended in an east and west direction from a central transmitting
facility in Monrovia, Liberia to receiving locatiuns in Accra, Ghana and
Natal, Brazil. The distances to the receiving terminals in Accra and Natal
are 1175 kilometers and 2990 kilometers respectively. All locations are
very close to the magnetic dip equator, each being selected on this basis
and the availability of local personnel to operate and maintain the equipment.
Continuous wave transmissions on frequencies of 10. 1018 Mc/s and 20.2036
Mc/s were obtained on a 24 hour per day basis.

Continuous records of the Doppler frequency shift were taken by the
method described by Watts and Davies (1960) as well as the amplitude
variations of the received carrier envelope. For the Accra path the
20.2036 Mc/s frequency Is above the predicted maximum usable frequency
(MUF) and was present for only short )eriod& and during severe ionospheric
disturbances which normally occurred .. -ing the evening hours.

It was the original intent of this report to include data from the trans-
mission path to Zaria, Nigeria. Such a path would have been most valuable
to this study since it Is considered ideal in distance from the Monrovia loca-
tieo (2100 k1m) with rcapoct to the magnctic dip cquator and to the prinoiple
vervice area of interest t,. VOA in continental Africa. However, due to
unfortunate delays, measurements will not be available until after July 196;;.

A map of the transmission paths for this experiment is shown in Fig. 1.
The other indicated locations are planned for operation during the 1963
autumnal equinox. For part of the tests reported, dipole antennas were
used at the transmitting location mounted one-half wave-length above the
ground, and the transmitted power was I kw. In order to reduce the inter-
ference effects to other co-channel and adjacent channel statlons and to
increase dho signal-to-noise ratio at the receiving locations, four 3-element
Yagi antennas have been installed at the Monrovia transmitting terminal.
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Two antennas are used on each frequency, oriente, in an east and west
direction, and fed trom a coaxial powi.r (ivider network, which enables
1 kw to be rau ted In each direction with a transmitter output power of 2 kw.
ixcerpt

BARGHAUSEN, A. F. , G. Jacobs, and D. A. Lillie. hF propagation charac-
teristics in equatorial latitudes. Program aid Digest, 1963 PTGAP
International Symposium, Boulder, Colo., 37 (9 July 1963).

During the period immediately following the autumnal equinox of 1962,
the Ionosphere Rf-search Section of the Ionosphere Research and Propaga-
tion Division, National Bureau of Standards, under part sponsorship by
the United States Information Agency, Voice of America, conducted a
serits of experiniento to study propagation characteristics -f high fre-
quency waves over paths parallel to the magnetic equator.

The transmission paths for this study extended east and west from a
central transmitting facility in Monrovia, Liberia, to receiving locations

in Accra, Ghana, and Natal, Brazil. The distances to the receiving
terminals in Accra and Natal are 1175 kilometers and 2990 kilometers
respectively. All locations are very close '" the magnetic dip equator,
each being selected on this basis, and the availability of local personnel
to operate and maiutain the equipment, C-'tinuus wave transmissions
on frequencies of 10. 1018 Mc/s and 20.2036 Mc/s were made on a 24-hour

per day basis.
Continuous records of the Doppler frequency shift were obtained by the

method described by Watts and Davies, and also of the amplitude variations
of the received carrier envelope. For the Accra path, the 20. 2036 Mc/s
frequency is above the predicted median maximum usable frequency (MUF),
was present for only short periods, and during severe ionospheric turbu-
lence which normally occurred during the evening hours.
Excerpt

BARGHAUSEN, A. F. Medium frequency propagation in equatorial latitudes.
IN: Semi-annual Report to Voice of America, NBS Rept. 8226, National
Burearu of Standards, Boulder, Colo., 7 (March 1964).

During the past few years additional interest has been shown in medium
frequency broadcasting in tropical and equatorial latitudes, prompted by

the establishment of many new Independent nations on the African continent.
It Is generally regarded that medium frequency broadcasting is the most
effective means Of communicating to a Limited area where other more
sophisticated techniques, such as FM or television, are impractical. In
comparing high frequency versus medium frequency broadcasting tCie
"principal advantage of MF in the limited area case is the presence of a
reliable, nonfading ground wave signal. However, for unlimited areas, HF
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broadcasting is far superior in its sky wave coverage but MF does have a
sky wave coverage potential to a vastly larger area than its corresponding
ground wave signal.
Excerpt

BARGHAUSEN, A. F., T. M. Georges and D. A. Lillie. A study of high
frequency radio wave propagation via Liie equatorial ionosphere.
IN: Semi-annual Report to Voice of America, NBS Rept. 8226,
National Bureau of Standards, Boulder, Colo. , 37 (March 1964).

This report constitutes a summary of the applied research under pro-
ject 82425, entitled USIA Area Investigations, for the period July 1963 to
March 1964. This same project is sponsored in part by NBS under project
82122 en'.itled Africa Ionosphere Studies.

Beginning in 1961, the area studies have been concent-14ed on thoh
equatorial ionosphere in Africa. This area was selected because of the
continuing interest of the USIA in Africa and the recent establishment of
the Voice of America relay base at Monrovia, Liberia.

The first full scale experimental investigations were conducted between
Tripoli, Libya, and Accra, Ghana. In this report the results of these ini-
tial measurements, reported in NBS Report 7276, are compared to those
obtained by subsequent experiments.

Beginning in the fall of 1962 a semi-permanent transmitting facility
was established in Monrovia, Liberia, at the Sudan Interiur Mission ELWA
broadcasting facility. With this installation a continuous measurement
program of various long term ionospheric variations was started and has
continued throughout 1963. Therefore, a full year of propagation informa-
tion in the high frequency band is available for analysis and ',,pn! Ioa
term studies are included in this report.

At various times special short term propagation experiments were
performed to supplement tCe regular long-term observations. Since the
period of greatest activ ty for ;ertain disturbed ionosphere events occurs
during the autumr.al equinox, the short-term experiments were performed
at that time.

In Septembnr IS'A3, two receiving locations were established at Fort
Lamy, Chad, and Rota, Spain, for special experiments. The main objec-
tive for Gelecting the receiving sites at these locations was to obtain
simutmeous information on the propagation characteristics of high fre-
qumncy radio waves on paths parallel and perpendicular to the magnetic
dip equator, The Acora, Ghana, site, established in 1962, remained in
operation, and recordings at the Natal, Brazil, site were temporarily
interrupted to utilize Its equipment at the Rota, Spain, site.
Excerpt
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BARTFLS, J. Conclusions about the ionosphere from the analysis of solar and
lunar diurnal earth magnetic variations. Z. fur Geophysik 12, 368-378
(1936). (In German. )

From the daily periodic earth magnetic variations, one can draw con-
clusions about the ionization and movement in the ionosphere. Lunar diurnal
variations (L) are especially suited for that, because their original is phy-
sically simpler than that of the solar diurnal variations. The observed
relationship of intensity of L to S makes it probable that in the layers
under the ionosphere not auch great diurnal temperature fluctuations occur
as is sometimes supposed. For 12-year observations of horizontal inten-
sity in Huancayo, Peru, L and S are reported and discussed in preliminary
form in their dependence on season, sun spots, and earth magnetic disturb-
ance. The lunar variation (L) in the southern hemisphere, summer, at
this station is the greatest found up to now for any o6servatory,oeven ac-
cording to its absolute magnitude as well as in comparison to solar varia-
tion S; for this reason it is especially suitable for further analysis.
C

BARTELS, J. and H. F. Johnston. Main features of daily magnetic variations
at Sitka, Cheltenham, Tucson, San Juan, Honolulu, Huancayo, and
Watheroo. Terrest, Mag. Atmos. Elec. 44, 455-469 (1939).

Uniform sets of graphs are given expressing the average daily magnetic
variations at seven observatories as influenced by :eason, sunspot-cycle,
and magnetic activity. T',,s effect of disturbance on the daily mean values
01 Lhe magn6t.,l eleneaitc ','; discussed. 'Intsrnat'.tna- z.st'cd -..ys are
shown to be more disturbed around Greenwich noon than during the rest of
the day. This second-order effect must be considered in studies of the
disturbance -field.
A

BARTELS, J. and H. F. Johnston. Geomagnetic tides in horizontal intensity
at Huancayo. J. Geophys. Res. 45, 269-308 (1940).

After an introductory survey of the main features of ; solar and lunar
daily variations, S and L, in horizontal intensity, H, in January at Huancayo,
days with conspicuous lunar influences, geomagnetic tides, are discussed,
A separation of S and L on such "big-L-days" is attempted. Daily ranges A
in H are then introduced for the study of the intentity of S and thereby of the
solar wave-radi6.ion W. Up to international character figures C = I. 1A is
found independent of changes in the solar corpuscular radiation P. Various
methods for studying L are compared. Lunar seml-monihly waves in the
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ranges A ar'; computed and discussed in their change with season and
sunspot cycle. In the months November to March, when 1, is larger

than in the rest of the year, L and S increase in their effects on A pro-
portionally to each other from sunspot minimum to sunspot maxi mum,
but around June, when L is small, it does not participate in the change
of S with the sunspot cycle. The day-to-day variability of S and L is
studied in some detail; S and L fluctuate rather independently of each
other, and the relative fluctuations of L seem to be greater than th e
of S. The elimination of the lunar effect AL is described; (A - AL) rAS
is proposed as a measure for W.
PA

BARTELS, J., N. H. Heck, and H. F. Johnston. Geomagnetic 3 hr. -range
indices for 1938 and 1939. Terrest. Mag. Atmos. Elcc. 46, 309-337 (1940).

The paper gives 3 hr. -range indices K for 7 observatories for July I,

1938, to December 31, 1939, world-wide 3 hr. -range indices Kw for 1938
and 1929 and, based on Kw, daily indices B, and monthly frequencies and
averages. It is shown how the indices K are stU.dardized by means of
keys for transforming K into reduced indices Kr. The worldwide Kw is
introduced as an average of the reduced indices Kr, in which the Kr from
polar stations enter with higher weight than the Kr from equatorial sta-
tions. Kw is proposed as a measure of the intensity P of solar corpuscular
radiation.

PA

BARTELS, J. Geomagnetic data on variations of 3olar radiation: Part I wave-
radiaton. Terrest. Mag. Atmos. Elec. 51, 181-242 (1946).

From geomagnetic observations, the time-variations of two kinds of
solar radiations can be deduced-a wwve-radiation, W, and a particle--
t adiation, P. This paper, one of a series, derives and discusses homo-

geneuus time-series for W and P; these data, in addition to their meaning
for geomagnetism and solar physics, may serve as numerical basis for
studies on other solar influences in geoephysical or biological phenomena.
Daily values SW 2 for the deviations of W from a normal value are inferred
from suitably defined ranges of the solar diurnal-magnetic variation of the
horizontal intensity at the Huancayo (Peru) Observatory of the Carnegie

Institution of Washington, for Mar'h, 1902, to Dcccn.br, 19311. Averages
for eighths and for three-eighths (= about ten days) of solar rotations are
computed, also "smoothed decade-deviations" showing the quasi-persistent

periodicities expressing the 27-day recurrence-tendency due to solar rota-
tion. Monthly averageq bW1 are extended to include October, 1939. Com-
parable tables are derived for solar activity R (from Zurich relative
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sunspot-numbers R) and for partie-radiation P (from data for geomagnetic
disturbance). The correlations between R and W in "slow" variations (ex-
pressed in monthly, qtuarterly, and annual means) are the closest found so
far between solin: and tcrrcz.tz'iai phenomena, surpassing even those found
between R and F.

The influence, on W and P, of changes in R in the course of solar
rot.,fions ("fast" variations) is studied by methods of correlation and by the
superposed-epoch method. Systematic features affecting the results of
both methods are demonstrated; the relative exaggeration of the main
selected pulse is recognized, explaincd, and illustrated in a statistical
model. Several statistical experiments agree that-except near sunspot-
minimum-the fast variations of R are accompanied by similar variations
of W, lagging by not more than about one day. Again, the statistical rela-
tion between R and P in the fast variations is found much weaker than that
between R and W. Quantitatively, the relative effect of R on W in the fast
variations is computed to be about 30 percent smaller than in the slow
variations, but reasons are given which interpret this result as compatible
with the view that the relation between R and W in slow and fast variations
does not differ essentially. The 27-day recurrence-tendency in W is just as
strong as in. R; there is an indication that the effect of a spot-group on W
increases with its age, Jf equal sunspot-numbers are compared. The
physical meaning of W is discussed; W is probably a solar radiation absorbed
rather low in the ionosphere, in or near the same layer which is ionized by the
excessive ultra-violet emitted by a solar eruption. A program for the systematic
extraction of W from geomagnetic -records is outlined.
A

BARTELS, J. L(fF 2 ) at Huancayo. Ber. dtsch. Wetterdienst 12 (Bad
Kissingen - U.S. Zone, 1949).

No abstract available.

BARTELS, J. 27-day variations in F2 layer critical frequencies at Huancayo.
J Atmospheric Terrest. Phys. 1, 2-12 (1950).

The solar radiation responsible for the production of F2 layer ioniza-
tion is already known to change with the 11-year sunspot cycle. The
question has therefore been examined whether analogous changes occur
in the corsc of the solar rotation .4 about 27 day3 period in cases where
the sunspot numbers R show appreciable quasi-persistent periodloities.
After correcting for lunar tidal Influence, variations of the type in questioi
have been found in the noon values of f F2 for Huancayo, Peru, using the
superposed epoch method. Such variations are found to be of the order of
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6 to 10%. Changes in fF 2 accompanying changes in R appear to be delayed
by about two days, but a scatter analysis by means of synchronized harmonic
dials throws doubt on the statistical signijicance of such a lag. The lunar
tides in the noon values of fF 2 , examined fccý" comparison, cause total semi-
mensual changes of more than 10% in southern summer, but only 2 to 3% in
southern winter. These seasonal changes in the lunar tidal effect I1,fF2)
are much larger than those disclosed in the quantitative effects of changes
of R of fF 2 . The use of these results in ionospheric forecasting is briefly
discussed.
A

BATEMAN, R., J. W. Herbstreit, and R. B. Zechiel. Measurement of factors
affecting radio communication and Loran nagivation in SWPA. Rept.
ORB-2-4 Operational Research Staff, Office of the Chief Signal Officer,
Washington, D. C. (Dec. 1944).

Measurements made in SVPA of the absorption of radio waves due to
dense jungle growth are described. The intensity of atmospheric noise
level measured in Australia and New Guinea and its effect on radio communi-
cation and Loran navigation is reported. It is found that jungle attenuation
in New Guinea is somewhat less than that previously measured for Panama
jungle5. Nevertheless, the measurements show that the methods for ob-
taining jungle communication as determined in the Panama investigation
must be employed in SWPA. The atmospheric noise level in the SWPA was
found to be considerably lower than predioted for that area in existing noise
charts. The peak pulse field intensity for Loran navigation in the presence
of atmospheric noise wpm found tc be approximately that required for radio-
telephone communication; however, at least for a large part of the year,
atmospheric noise should not be an important factor as regards Loran
operations in that area because of limitations due to multipath transmissions.

This report describes the principal engineering tests and measurements
made by a small party of Signal Corps personnel which was dispatched to
the SWPA for the purpose of investigating some of the factors which affect
radio communication and radio navigation in that theater. Much of the work
carried out by this party in Australia and New Guinea was coordinated with
the Radio Physics Laboratory of the Council for Scientific and Industrial
Research located at Sydney, N.S. W. Special test equipment for the Loran
measurements was constructed at the Radiophysics Laboratory with the
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guidance and hell) of Radio Physics personnel. The rcsults of measure-
ments inade are discussed under three headings as follows:

(a) Measurements of Jungle attenuation.

(b) Measurements of atmospheric noise level in SWPA.
(c) Measurements on the required ratio of smigal to atmospheric

noise for Loran navigation.
Field engineering measurements of the absorption of radio waves by

dense jungle growth were made in the jL-Igles of Panama and reported in
Qpeiational Research Branch Report No. ORB-2-3-, "Measurement of
Factors Affecting Jungle Radio Communications." The r suits of these
measurements and recommendations fur obtaining communications under
difficult jungle conditions were widely distributed to the Army in the field
in a Technical Bulletin TB-Sig 4, "Methods for improving the Eflectiveness

of Jungle Radio Communication. " The purpose of making jungle measure-
ments in New Guinea w,.,as to determine whether the Panama findings and
rc'ommendations were applicable to the New Guinea jungles.

Measuzements cf the average atmospheric noise level were made in

Australia and New Guinea. Such information is of value for making pre-
dictions of the performance of radio equipment under various conditions
of operations. In the past, atmospheric noise (static) data used in pre-
dicting the performance of radio equipment in these areas have been based
largely on a knowledge of the distribution of thunderstorms and radio wave
propagation considerations rather than actual measurements of the existing
noise level.

Tests were made to determine the required ratio of signal to atmospheric
noise for the Loran system of navigation. This information when correlated
with the existing atmospherin noise level and other data gives a basis for

estimating the effect of atmospheric noise on the range and performance of
Loran in the SWPA.

BATEMAN, R., J. W. Finney, E. K. Smith, L. If. Tveten, and J. M. Watts.
IGY observations of F-Layer scatter in the Far East. J. Geophys.

Res. 64, 403-405 (1959).

Peculiar signal enhancements obp; rved during transm.ssions at 36 to
50 Mc/s between the Philippines and Okinawa appear to represent F-laver
scatter. These signals are observed nightly for periods of several hours
during the months of September and October. Pulse tests indicate. F-layer
heights for these signals. Considerable pulse broadening is obse-ved and
the signals generally arrive from somewhat off the great circle path.

A
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BAUER, S. J. Inferred temperature variations at the F2 peak. J. Geophys.
Res. 65, 1685-1690 (June 1960).

Information on the ionospheric electron content deduced from the
Faraday rotation of lunar radio reflections and ionoapheric data obtained
by vertical-incidence soundings are used tW infer scale heights at the
F2 peak. The scale height is found to exhibit pronounced time variations
that are interpreted as variations in the temperature in the F2 peak. The
average values of inferred scale heights at the F2 peak are compared with
scale heights of a model atmosphere based on recent rocket and satellite
data ad are found to lie within +15 percent of the model values. One
exception to this finding cCcurred on a day following a magnetic storm: on
this day, the scale height was more than 30 percent higher than the model
value. This difference suggests the possibility of a pronounced increase
in ionosphere heating at such times.
A

BAZZARD, G. H. and C. M. Minnis. The geographical distribution of the
harmonics of thb annual variation in the critical frequmncy of the F2-
layer at noon. J. Atmospheric Terrest. Phys. 22, 192-199 (1961).

At any loation, the monthly median critical frequencý of the F2-layer
at noon can be represented by fF2 P(q) + q(O)IF2, in which p(e) and

q(G) are oscillating functions which have a fundamental period of 1 year,
and IF- is an index of solar activity. The amplitudes of the fira and second
harmonics of p(e) and q(%) have been evaluated at sixty-one locations and
contour maps of these *Ad of the constant term have been drawn. The phase
of the fr'st harmonic does not reverse at the equator as might be expected
%w simple theory. The phase of the second harmonic is the same over the
whole world except for a nariow ras of latitudes. This is in accordance
with simple theory, but the amplitude of the second bszmonio is greater
than expected. The contours of the constant t W.- follow those of consumat
dip argle more elcspy tbAn do tOMe ef f F?"
A
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BEAGLEY, J. W. Ionosphere research. IN: Simpson, F. A., ed., The
Antarctic Today, 279-293 (Reed, Wellington, New Zealand, 1952).

A survey of the research which has been and is being done in New
Zealand and the neighboring Antarctic regions in an attempt to solve the
fundamental problems of ionospheric research. First proof of the
Kennelly-Heaviside layer is said to have been made by Appleton and
Barnett (a New Zealander) in 1924. The places where research on
ionospheric wave propagation is carried on are listed and the work descri-
bed (Christchurch, Raoul Island in Kermadec Group, Campbell Island,
Pitcairn Island, Rarotonga, Fiji). Plates show the layout of the weather
"station on Marion Island.
N

BECKEN, J., and B. Maehlum. Drift measurements at Kjeller on the ionos-
pheric F region. J. Geophys. Res. 65, 1485-1488 (1960).

Summarize results of measurement of F2-layer drift using closely
spaced receiver method. Find velocities from 50 to 150 m/s. At high
latitudes, drift velocity correlates positively with magnetic activity but
near equator correlation is negative. At high latitudes drift is easterly
near noon and westerly near midnight. Near equator drift reverses.
Find irregularities in F2-amplitude pattern slightly elongated in NNW
direction. Mean axis ratio of correlation ellipse is about 1.9.
M

BECKER, W. New methods and some results concerning true ionospheric height
calculations. J. Atmoaherl" Terrest. Phys. 6., 67-83 (1969).

The methods c•ai be listed as follows:
(a) Optisl-grastical comparison method, comparing, for certaJ i

layer-types, calculatbW ordinary and extraordinary h'(f )-traces with observed
h'(f)-records. R is p.slble to determine the best fitting layer-type and Its
parameters within 8 min.

(b) General maethod, applicable to any monotonic h'(f)-traae. This
method is based on RYDBECK's solution of the respective integral euqvtion.
A 10 point b'(tf)- reduction according to this method takes 2 hr.
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(c) Correction method, combining the methods (a) and (b). Thus the
time necessary for a 10 point h'(f)- reduction can be reduced to 5/4 hr.

The following results are reported:
(a) Good agreement between actual layer shape and parabolic N(h)-

distribution for the undisturied night-time F-layer on 8 August 1957.
(b) Periodic movements (T - 1 hr, amplitude- 8 kin) of the F-layer

during a magnetically undisturbed night, 7-8 August 1957.
(c) Sudden ascent of the F-' -yer during a "Polar Sudden Commencement"

(Ah - 60km)within 1/2 hour on 15-16 September 1956.
(d) Existence of an N(h)-minimum above the normal E-layer above Lindau,

Germany, on 20 August 1957, 1545 hours.
A

BELMONT, A. D., and D. G. Dartt. Tropical upper air studies. Quarterly
Prog. Rept. 1, 23 March - 31 Aug. 1962. General Mills Inc.,
Minneapolis, Minn. (1 Sept. 1962). AD-290 821.

Considerable stratospheric upper-air data have been gathered and
summarizing programs have been prepared for their computer analysis.
The. 26-month and 12-month cycles of tropical winds have been examined
for Balboa, San Juan, Canton and Kwajalein. Harmonic and spectral
analyses of 50-mb data show the relative importance of these and other
periods and how they vary with latitude. Time sections of the zonal wind
component were prepared for the same four stations. These show the
variation of the observed waves with height, time and station. The
consolidated long-term annual mean wave at stations about 10 degrees
from the equator was found to be somewhat sinwwoidal but waves for
individual years were usually far from sinusoidal. At stations near the
equator where the biennial cycle of 21 to 28 months is most pronounced,
the shape of the annual wave could not be determined with the length of
record available due to the very strong influence of the biennial cycle.

A
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BENIOFF, Hugo. Observations of geomagnetic fluctuations in the period range
0.3 to 120 seconds. J. Geophys. Res. 65, 1413-1422 (1960).

Data are presented from a 5-year series oi observations of geomagnetic
fluctuations in the period range 0.3 to 120 seconds, approximately. These
were carried on with flux rate variographs using pickup coils with 1-second-
period galvanometers recording photographically at a trace speed of 1 mm/
sec with maximum sensitivities of 0.05 gamma/eac per trace millimeter.
Four characteristic types of oscillations are included this study:

Type A oscillations, approximately sinuwoidal in form, range in period
from o. 3 to 2.5 seconds and in southern California occur at night only.
They exhibit a negative correlation with sunspot numbers. Type B oscil-
lations are nearly sinusoidal in form with periods ranging from about 3 to
8 seconds. They appear to be associated with the local occurrence of

- auroras. Type C oscillations are nearly sinusoidal in shape with periods
ranging from about 7 to 30 seconds. In southern California they occur in
daylight and exhibit a strong correlation with sunspot numbers. Type D
oscillations are transients in the form of single or multiple pulses or trains
of several oscillations. The pulse breadths or oscillation periods range
from about 40 to 120 seconds or more. They are strictly nocturnal in
southern California with a sharp peak in the rate of occurence at local
midnight.

Some characteristics of sudden-commencement components in the ob-
served period range are mentioned briofly.
A

BEN'KOVA, N. P., and L. 0. Tyurmina. The magnetic field of the OLtorial
current (ring). Geomag. Aeron. 2, 528-534 (1962). (Original in
Russian.)

The authors have computed the latitudiaal distribution of the mgnetic
field of the ring current on the assumption that the generatrix of toe current
surface hba the form of a line of force of a dipole field and that the current
density depends on the solar distance T in a different mannr. The best
agreement between the oomputeu component X and the latitudinal distribution
of the Dst variation of the magnetic field was obtained for a ring radius of
a 9R (where R is the earth's radius) and ourrent density of J a J0
(b + c oo)29. The value of the manetic moment of the current ring is
M 4-5.1020 CG8M* and arees well with the data of other authors.
A
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BEN'KOVA, N. P,, and K. N. Vasil'yev. The E-layer at low altitudes
according to investigations on the Schooner Zarga. Geomag. and
Aeronomy 3, 70-74 (1963). (Original in Russian.)

The latitudinal distribution of foE at all hours of the day is described
on the basis of data collected by the 1959-1960 expedition. It is shown that
some characteristics in the near-equatorial region (decrease in foe in the
region of the geomagnetic equator) are more pronounced in the morning
and evening and smooth out during noon hours. The diurnal variation of
f0E on individual days is described by the formula f0E = K cosn X. The
values of n differ systematically in the morning and evening. The morning
values of n vary markedly with latitude and have a maximum at latitudes
0 = L 200 and a minimum at the geographic equator.
A

BENNER, A. H., and H. J. Nearhoof. Polarimeter for the study of low
frequency radio echoes. Rev. Sci. Instr. 21, 830-834 (Oct. 1950).

An instrument is described which allows the determination of the
ellipticity, angle of tilt, and sense of rotation of low frequency radio waves
returned from the ionosphere.
A

BENNINGTON, T. W. Equatorial ionospheric effects: post-sunset fadln on
long-distance radio circuits. Wireless World 66, 501-506 (1960).

An account is given of the discovery of the spread-f effect and the rise
in the F2 layer virtual height which occurs In equatorial regions. At most
placea this phenomenon is observed soon after local ground sunset, and
lasts for about four hours, after which conditions return to normal. I
generally occurs more frequently at the equine=& and is worse during
yearf ofhigh sunspot activity. It appears to be brought about by conditions
in the ionosphere in a saw lying near the magnetic equator. The radio
fading which occurs can be serious for some types of equtpment. A
detailed analysis is given of fading effects at Singapore, Johannesburg
and badan for various months during the years 1954 to 1968 to illustrate
the main ef/•"U.
MGA
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BENNINGTON, T. W. Variations in the tropical sunset fading effect over the
U. K. /Singapore and U. K. /Johannesburg broadcast circuits. Rept.
K-146, British Broadcasting Co. (1960).

Abstract not available.

BERGH, H. W., and J. W. King. Ionospheric critical frequencies and magnetic
parameters of the day before. J. Atmos. Terrest. Phys. 22, 74-78
(1961).

It has recently been shown (King, 1961) that the mid-day values of
f0 F2 appear to be related to the equivalent planetary daily amplitude, Ap,
but that the relationship is much more definite if the Ap values of the days
preceding the days on which f0 F2 were obtained are used. This time lag
has been further investigated for pre-sunrise ionization using ionospheric
data from Cape Town (34*08? S, 18019, E), were used. In this way both
ionization and magnetic parameters were confined to the same locality. It
should be pointed out that the pre-sunrise relationship between foF2 and
Ap is a striking negative one in summer and a positive, but less pronounced,
one during the 3 month mid-winter period (King and Graham, 1961).

Fig. 1(b) shows plots of the correlation between f 0F2 for 0300 and
0500 S.A.S.T. and the sum of the K-indices for different 24 hr periods,
I . e. between f0 F2 for 0300 and 0500 hours and the sum of eight consecutive
K-indices starting at different times. It is apparent that greatest corre-
lation obtains with magnetic activity which occurred during the 24 hr period
ending at 2300 hours on the previous day. The curves for 0300 and 0500
hours are very similar and in Figs. 1(a), (c) and (d) the mean data for these
two curves is plotted. Fig. 1(a) contains data similar to Fig. 1(b) for
June 1957. The correlation is slightly positive instead of strongly negative,
in accordance with the seasonal effect mentioned above, but the same
conclusion is apparent, via. the period in which the most important magnetic
activity occurred was the day preceding the day on which f0F2 was meas-
ured.

In order to doermlne more accurately which period of magnetic
activity Is most strongly related to pre-sunrise ionization the next day,
Figs. 1(c) and (dQ were plotted showing the correlation between f0 F2 and
the K-index for 6 hr periodso (i.e. the sum of two 3 hr K-indices) having
various centre roaats. It appears that the magnetic data during most of
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the previous day is important; there is a strong suggestion, however, that
magnetic activity during the pre-sunrise period on the day before is most
closely associated with f0F2 on any day. Clearly magnetic activity during
the pre-sunrise period on the same day is much less related to f0 F2 at
that time.
Excerpt

BERGH, H. W. The time-lag between magnetic and ionospheric changes.
J. Atmos. Terrest. Phys. 24, 949-958 (1962).

The above time-lag is investigated for summer months (November-
February) from summer 1953/54 to summer 1960/61. It is found that the
1 day delay reported by Bergh and King (1961) is in fact only predominant
iu 4g periods of high solar acti, Ity and ab•.ent during sunspot minimum.
A 2 day lag seems to persist throughout the solar cycle but is overshadowed
during sunspot maximum by the 1 day delay. The nocturnal behaviour of
maximum electron density in F2-region is studied during a year of high
solar activity in relation to the K-indices of the preceding day. A recoin-
binative type of electron removal is found to correlate more consistently
with magnetic changes than does an attachment type of removal.
A

BERHNER, L. V., and H. W. Waolls. Ionosphere invesUgations, Huancayo
magnetic observatory (Peru), 1933. Proc. IRE 22, 1102-1123 (1934).

The equipment is designud for the multi-frequency method, with
manual operation. Three layers, identified with the E-, FI-, and F2 -
layers at Washington, D.C., are found. The FI-layer appears to be
formed by a separation from a general F-region during the morning rather
than by direct lonisation of a separate layer. Near the maximum tonistion
of the F1- and F2 -layers are found two reflection components, which reach
critical values at different frequenc!e. This differenoe corresponds very
closely to that calculated for the effect of magneto-ionio double refraction
due to the earth's magnetic field. A dip In the critical frequency of the
F2-layer usually occurs in the morning, which may be related to the
appearance of the F1 -layer.
PA
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BERKNER, L. V., and H. W. Wells. Ionosphere investigations at low
latitudes. Terrest. Mag. Atmos. Elec. 39, 215-230 (1934).

Continuation of studies of the F-region at Huancayo. To represent
the separation of the F1 - and F?-layers, iso-ionic charts, showing the
change of virtual height and ionisation with time, have been constructed.
The maximum ionisation and lowest virtual height of the Fl-layer vary
by within 5% for any particular time from day to day. The degree of
separation at one location varies from day to day. It is concluded that the
solar rays active in !onihLig the F-layer are filtered out in the lower
stmobphere. The F2 -Jayer shows very irregular characteristics compared
with the lower layers. Certain of the irregularities are foiind also in the
data obtained at Washington. Additional stratification of the F-region is
occasionally observed.
PA

BERKNER, L. V., H. W. Wells, and S. L. Seaton. Characteristics of the
upper region of the ionosphere. Terrest. Mag. Atmos. Elec.
41, 173-184 (1936).

The Carnegie Institution of Washington has collected data over a
period of one to six years of the critical penetration fxequency and mini-
mum virtual height of the F -region in the form of monthly averages of
noen values at Washington, t. C., Huancayo, Peru, and Watheroo,
Australia. 'fhnsc values h"-e similar characteristics in both hemispheres
reaching a maximum from Nov. to Feb. and a minimum from May to
August. The hypothesis of thermal expansion oi Uire upper atmosphere
which has been suggested by certain investigators to account for the efieci6
obaerved in the northern hemisphere alone will not explain these critical
frequency phenomena observed in both hemispheres simultaneously. At
Washington and Watheroo the noon minimum virtual heights change inversely
with the minimum noon zenith angle of the sun, while at Huancayo they change
directly with this angle. This reversal in character in equatorial regions is
considered and it is suggested that these effects may be explained by a new
hypothesis of thermal movement of the upper atmosphere, considering the
forces imposed upon the motions of the ions in the earth's inagnetic field.
PA

BERKNER, L. V., and H. W. Wells. Abnormal ionisatlon of the E-reion of the
ionosphere. Terrest. Meg. Atmos. Elec. 42, 73-76 (1937).

Abnormal lonisaUon of the E-region of the ionosphere occurred very
infrequently at Hua&. o, Peru (12" south, 75" west), during nearly 8000
hrs. of observation. At Watheroo, Western Australia (368 south, 1186 east),
the effect was about 70 times as pronounced during the same period.
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Huancayo is on the geomagnetic equator, while Watheroo is in geumagnetic
latitude about 42* south. This evidence suggests that sporadic ionisation
of the E-region is a function of latitutde, or more probably of magnetic
latitude. It is observea that eporadic ionisations appear most frequently
during local summer at stations in the temperate zones. Nevertheless,
because of the much greater prevalence of thunderstorms near Huancayo
as compared to Watheroo, the suggestion that the effect is related to
thunderstorms does not seem to be supported. There is some evidence
that the abnormal ionisation may be related to magnetic bays and auror-,
which have a similar distribution with latitude and probably originate
largely in the same atmospheric region.
A

IERKNER, L. V., and H. W. Wells Non-seasonal cha.ne of F2- reglion ion-
density. Terrest. Mag. Atmos. Elec. 43, 15-36 (1938).

Observation of noon F2-region ion-density at stations in both the
Northern and Southern hemispheres show that variations in one are not
predicted at the other with the hypotheses which have been advanced to
explain them. Observations made at Washington by the National Bureau
of Standards, and at Watheroo by the Department of Terrestrial Magnetism,
Carnegie Institution of Washington, are analyzed. A is found that a
variation-component exists in the data from 1935-37 which is in the same
phase at both stations. This term has a principal period which, over the
period studied, is indistinguishable from one year. Its amplitude is about
equal to that of the seasonal variation, maintaining a nearly constant ratio
to the changing background ion-density. This non-seasonal variation is,
therefore, of sufficient amplitude, if neglected, to vitiate quantitative
calculations of seasonal effects based upon the observations from one
hemisphere alone. While the average magnitude of the background ion-
density is closely related to annual averages of solar activity, departures
of the non-seasonal component from the mean show no sensible correlation
with monthly sunspot-averages. The data and methods are examined to
determine whether inhomogeneity of data, or methods of analysis, could
induce the effect artificially. A is concluded that the amplitude of such
induced errors must be small compared to the amplitude of the non-seaonal
effect. Application of the heating hypothesis in its present form leads to
a heating %tio more than 100 times as great at Washington as at Watheroo,
which does not seem probable. Correction of the data for the non-seasonal
effect leads to a heating ratio for summer to winter of about 10 to I for
both stations. Possible causes of the non-seaonal term are considered.
The paucity of data from widely separated locations through th6 24 hours
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limits speculation. In reviewing the implications of the data, the writers
are inclined to the view that the cause is associated with the Earth or its
motion, though the arguments presented on the basis of existing data are
not sufficient to establish this view unequivocally.
A

BERKNER, L. V., H. W. Wells, and S. L. Seaton. Ionospheric effects
associated with magnetic disturbances. J. Geophys. Res. 44, 283-
311 (1939).

An extensive discussion of the behavior of the ionosphere during
magnetic storms, as deduced from virtual height-frequency records. Find
storms at Huancayo characterized by an initial decrease in F-layer
ionization corresponding to a wiping out of the ionization from above. The
virtual height of the remaining ionization is therefore less. In the second
stage a highly absorbing region occ'_'-s at about 85 km. In the third stage
the F-layer is wiped out from below, so that the virtual height increases
tremendously, and the electron density drops off. In temperate latitudes
the nature of the storm effects depends on the season, and time of day. A
big discussion is given.
M

BERKNER, L. V., and S. L. Seaton. Ionospheric changes associated with
the magnetic storm of March 24th, 1940. Terrest. Mag. Atmos.
Elec. 45, 393-418 (1940).

Observations of the ionosphere at Huancayo and Watheroo during the
magnetic disturbance of March 24, 1940, are shown and discussed. At
Hyancayo the ionospheric disturbance began about 40 min. before the first
large magnetic change, though coinciding with increasing magnetic activity.
During the first great magnetic changes the F layer was swept upward
and disappeared in about 30 min. At the sametime ion density of the E
layer rose about 40%. Growth of a new F2 layer began after disappeirance
of the old, proceedirg in an apparently normal manner for the next hr.
Because the original ion density had been reduced to a low value, the F
region Is regarded as a nearly un-ionized atmosphere, suddenly exposed
to solar radiation. Effective recombination coefficient and rate of ion
production at level of maximum density of F2 region are estimated from
this growth. Stcady growth of the new F2 layer was followed by a succession
of abnormal increases and decreases of ion density of diminishing ampli-
tude at an almost regular period of 3 hr. for 3-1/2 or 4 periods. Abnormal
rate of decrease and subsequent hWrease cf vbnormal electron production
at level of maximum is computed for the first period. At Watheroo iono-
spheric ch-,gca• uiiowed the general pattern usually experienced during
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magnetic disturbances in temperate zones. Evidence indicates large
spatial tilts of iso-ionic surfaces near Watheroo about 40 min. after
beginning of great magnetic changes. These spatial tilts were f(liowed !
by rapid rise of height and increase of scattering. Abnormal decrease
of ion density of the F2 layer began simultaneously at both observatories,
within observational limits, less than 15 min. after the first great geo-
magnetic change. The great rise in height at Watheroo lagged behind that
at Huancayo by nearly 1 hr.

PA

BERKNER, L. V., and S. L. Seaton. Systematic ionospheric changes
associated with geomagnetic activity. Terres. Mag. Atmos. Elec.
45, 419-423 (1940).

Systematic changes of max. ion density of the F2 layer accompanying
geomagnetic disturbances were investigated, using observational material
from Watheroo and Huancayo collected during 1938 and 1939. Deviations
from an arbitrary normal are computed. At Huancayo the max. increases
continuously with magnetic activity up to (American) character-figure 2, 0.
At Wkhieroo this relation is reversed between September and April. In
winter the density rises at slight or moderate magnetic activity and then
falls as magnetic changes become severe.
PA

BEYNON, W. J. G., and G. M. Brown. Geomagetic distortion of region-E.
J. Atmos. Terrest. Phys. 14, 138-166 (1959).

A detailed consideration of the behaviour of the normal E-region shows
the existence of linor perturbations from the claicslcal Chapman theory.
I Is shown that some of these differences can be ascribed to the influence
of vertical drift of ionization resulting from the interaction of the earth 's
magnetic field and the Sq-current system flowing In or near the E-layer,
The resulting distortion of the electron density profile of the K-layc, is
considered, with partioular reference to its effect on the values of the
parameter fo1 at different latitudes. The diurnal and seasonal changes in
the magnitude of tht east-west component current are clearly reflected in
the variations of foE, and an index n, measuring the sensitivity of the
Z-layr to -easoeal changes, shows marked singularities near the latitudox
of the Sq-fOoi.

57



B

An analysis of conditions on magnetically disturbed days is also given,
and it is concluded that at temperPte latitude stations there is a depression
ia fE at times of magnetic disturbance comparable with the magnitud- of
that associated with the veritical drift effect of the S -current system at
noon in the summer. Reference is also nade to conditions near and within
the auroral zone. Consideration of the effect of sporadic E-ionization
shows that this does not appear seriously to influence the tabulated values
of fE.
A

BHAR, J. N. Effect of meteoric shower on the ionization of the upper atmos-
phere. Nature 139, 470-471 (1937).

Observed ionization densities during Leonid showers. Found great
increase in E ionization at maximum of shower. Electron density increased
by perhaps six times.
M

BHAR, J. N. Stratification of the ionosphere and the origin of the E1 layer.
Indian J. Phys. 12, 363-386 (1938).

Caiculations of upper atmospheric ionisation are made after Pannekoek
with certain modificationss. It is assumed that the upper atmosphere above
100 km. consists mainly of N2 and 0 while the lower and the middle
atmosphc.e below thii level consists of N2 and 02. There is a layer of
transition between the two occupying the region 80-130 kin. The tempera-
ture in the upper atmosphere is assumed to be '00*K and that in the transi-
tion layer 3000 K. The sun is taken to be radiating like a black body at
6800°K. Calculatioab show that there are lonisation maxima at 250 km.
due to 0, at 160 km. due to N2 and 90 km. due to 02. These three maxima
are identified with the F 2, F1 and E1 regions.

The most interesting point to be noted is that attempts at obtaining
from theoretical considerations a layer of lonisation at the height of the E1

region have hitherto failod. This, in fact, prompted Chapman to put
forward the hypothesis that the lonistlon of the F region was due to ultra-
violet radiation while that of the E region was due to the bombardment of
neutral corpuscles shot off from the sun. I is well-known that observations
during solar eclipses prove definitely that the E 1 region lonisation is also
due to solar ultra-violet radiation. The work described here thus removes
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the anomaly regarding the formation of the E1 layer. It can now be
definitely asserted that the region round 100 km. in which rapid transition
of 02 to 0 occurs is also, as a consequence, the region of maximum
ionisation of %2 and that the ionised layer formed near this level is to be
identified with the E1 layer.

BI•AR, J. N. Ionosphe•re at Calcutta. Indian J. Phys. 13, 253-276 (1939).

In the present paper the results of systematic ionospheric observations
carried out at Calautta (22" 33' V'!) during the period Jan. 1936 to April
1937, are described. The diurnal and seasonal variations of critical
frequency for the E- and F-regions of the ionosphere are presented graphic-
ally and are discussed with referenco to variations expected from the u.v.
light theory. It is found that the cbserved variations of El-region ionization
are in general agreement with the theory of Chapman particularly during
winter months. During summer months, however, there are deviations
due presumably to the frequent occurrence of abnormi! ionization associated
with thunderstorms. The observed results are utilized for estimating the
coefficient of recombination in the E-region which is found to be of the
order of 10-9 cm 3 . /see. The phenomenon of abnormal E-region ionization
is discussed in detail and Its association with the incidence of thunderstorms
investigated. The observe4 variations of F2 -region ionization show that
the time of diurnal maximum shifts towarde the ,ternoon in suumer.
There are two distinct maxima in the seasonal variation curves for the
midday and the 1600 hours ionization. These seem to coalesce in the case
of 'be 1900 hours seasonal lonization curve. The ezireme day-to- day
variability of the midnight ionization makes it difficult to form any idea as
to the nature of its seasonal variation.
PA

BHAR, J. N. Reliatmo Letween noon F2-1yr ionization and maWgiitic dip.
J. Atmos. Terrest. Phys3. .l, 168-172 (1957).

Plots woon values of f0F2 w #ns tic dip, keepig solar zenth
distnce fixed Instead oi "otolng find epoch. FUis fo 72 mlnlmbm at
magnetic equator with maxima of mmoo values at 30 dog magnetic dip.
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BHAR, J. N., and P. D. Bhowmik. A study of noon F 2 ionization in relation
to geomagnetic co-ordinates. Indian J. Phys. 33, 1-17 (1959).

The relation of the F2-layer noon critical frequency to magnetic dip
and geomagnetic latitude is studied for constant values of solar zenithal
angle. Tlhe constant-)X plots show two maxima situated on the two sides
of the magnetic equator. An asymmetry between the northern and southern
hemispheres is also revealed. For chosen values of solar zenith distance,
the ratio of noon fF 2 at sunspot maximum to that at sunspot minimum is
studied in relation to magnetic dip. The ratio is found to vary with magnetic
dip displaying a minimum to the north of the magnetic equator.
PA

BHARGAVA, B. N. A new early-morning ionospheric phenomenon. Nature
179, 983-984 (1952).

Early in January 1952, when ionospheric observations were started at
Kodaikanal (10* 14' N., 770 28' E.), an interesting phe imenon, which, to
my knowledge, has not hitherto been reported, was observed in the vertical-
incidence virtual height/critical frequency recoids. R was found that on
most of the mornings ionospheric echoes ceased to return some minutes
to several hours before sunrise and reappeared at about ground sunrise
time. Systematic daily observations were started early in March and h
records taken at short intervals beginning about an hour before sunrise
daily with the view of exramining the fi equency of occurrence and any
possible seasonal characteristes of this 'no echo' phenomenon.

The observatime consisted in photographing the h'f patterns at 1- or
2-min. intervals with the C.R.P. L. type C-3 recorder of the Kodaikanal
Observatory covering 1-25 Mc./s. and with peak pulse power of approxi-
mately 10 kW. The antenna system consisted of two multiple-wire deltas
having reasonably flat impedance over the operating frequency-range and the
desired vertical direction of m&,imum radiation. The records thus made
cover a period of five months (March-July 1962) and on examination indi-
cate that on about 60 per cent of the days during these five months iono-
spheric echoes ceased for some time during the ,re-dawn period. The
over-night stratum in the F-region present at virtual heights of 200-300 km.
disappeared gradually without showiS any appreciable sharp drop in
critical frequency (which is of the order of 1-3 MIe./sa during early
mornings). The 'no ehos' codition lasted until about the growul sunrise
time. when refletions began to be received from markedly greater virtual
heights of 300-500 k. Records taken at 15-min. intervals on the morning
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of April 30, 1952, show that pulse returns ceased betwoen 0500 and 0515
hr. and did not begin again until shortly before 0545 hr. (All times given
in Indian Standard Time, which is 5 hr. 30 min ahead of G.M.T.)

On other mornings when ionospheric echoes were received throughout,
high-speed ionospheric soundings showed remarkably characteristic sunrise
effects in the F-region. Almost simultaneously with the ground sunrise,
a stratum formed somewhere between 300 and 600 km. The virtual height
of the new stratum decreased rapidly until it merged with the overnight
layer, usually present at a virtual height of about 200-250 km. The
accompanying photographs are of a sequence of h'f records obtained on
one such morning; they were taken at 2-min. intervals on March 9, 1952,
and illustrate the characteristic sunrise effect observed at this location.

A study of sunrise effects in the ionosphere has been made by Wells at
Derwood Experimental Laboratory, D.T.M., Carnegie Institution of
Washington. Sunrise effects have been defined as the initial characteristic
rise of ion density in the neighbourhood of sunrise. At Kodaikanal, the
abrupt appearance of echoes from relatively great virtual heights, such
as shown in the records for March 9, 1952, has enabled the determination
of the precise times of the3e effects. A study of successive h'f records
at 1- or 2-min. intervals on selected days when such records were avail-
able indicates that, notwithstanding a certain amount of scatter, the
sunrise effect and the ground sunrise were simultaneous during the montO.
of March; during April, the ionospheric effect occurred 2 min. after the
ground sunrise, and during May, June and July it occurred 3-1/2 min.,
6 min, and 5 min. respectively before the ground sunrise.
Excerpt

BHARGAVA, B. N. Observations of spread echoes from the F layer over
Kodaikanal: a preliminary study. Indian J. Meterol. Giophys. 9,
35-40 (1958).

Occurrence of spread F echoes at Kodaikanal for a period of about
one year has been analyzed and diurnal and seasonal characteristics have
been found to exist in the frequency of occurrence of these echoes, I has
been found that the phenomenon occurs only during nighttime with largest
frequency between 1900 and 1400 hrs local time. While the seasonal
variation is characterized by equinoctial maxima as in the case of goo -
magnetic activity, the day-t-&y varlatiosa Wx scattering indicate a
negative correlation with the degree of magnetic activity. Thus acattering
per~i4s for largest percentage of time during comparatively quiet periods
aw- j often altogether absent on magnetically stormy nights. The
phenomenon is discussed in relatior to ionospheric irregularities and
radlio-star scintillation.
N
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BHARGAVA, B. N. Annual wave in the world-wide F-region ionization.
Indian J. Meteorol. Geophys. 10, 69-72 (1959).

An analysis of squares of noon median F2 layer critical frequencies
for a 3-year period has been made in order to derive the latitude variation
of the annual effect in the electron densities and its relation to average F2
layer ionization. The results indicate that the annual component R I varies
with the latitutde in a manner very nearly similar to that ot the steady
ionization R 0 and that for a given value of R 0 for any latitude, R 1
can be derived approximately from a linear relationship of the type R 1 =
0.3 R 0 - 4.5. A similar analysis of 9-year data for piecise phase and
amplitude of the annual component for a pair of stations yields a value of
R 1, which is of the same order of magnitude as R 0 and which attains a
maximum around the epoch of minimum sun-earth distance.
N

BHARGAVA, B. N., and U. V. Gopala Rao. Ionospheric disturbances
associated with magnetic storms at Kodaikanal. Indian J. Meteorol.
Geophys. 10, 203-208 (1959).

F2 layer disturbances at Kodaikanal have been analyzed for a study
of the behavior of the critical frequency and the virtual height during
geomagnetic storms. The disturbances have been classified for this
purpose into two categories, namely: the positive and negative. The
characteristics of Dot and SD variation of f0 F2 and the SD variation of h'F
at night have been discussed. The results have been explained in terms of
the quiet and disturbed day vertical drift velocities.
N

BHARGAVA, B. N., and R. V. Subrahmanyan. Geomagnetic disturbance
effects in eciatorial E-.- J. Atmos. Terrent. Phys. 20, 81-84 (1961).

It has been known for some time that at equatorial stations where the
quiet day solar magnetic variation Sq in horizontal force is large, day time
sporadic-E has some remarkable characteristics. It is very regular in its
diurnal variation with the critical frequency following the cooX law. It is
also abnormally intense and often masks out the regular E-layer in routine
h'-f soundings. The lunar Influence on this type ofE. has been discussed by
Matsushita (1967). Matsushita has shown that at Huamoayo the layer often
disappears suddenly for varying inervals during day-time when these
intervals are between 0000 and 0300 hours or between 1200 and 1500 hours
lunar time. He has also found that thi disappearance was earlier than
usual In the vicinity of new and full moon, partieularly during winter, and
that the phenomenon occurred during the first half of the periods when the
lunar electric current flow in the equatorial regions was westward. Knecht

62



B

(1959) found, also at Huancayo, a lunar dependence of first appearance
of E.; duriig equinoxes and December solstice, Es appeared earlier during
new and full moon. Skinner and Wright (1957), from Dbadan data, observed
that abnormally low values of fEs occurred simultaneously with reduced
horizontal and vertical force.

At Kodaikanal (magnetic latitude; 1. 750N; geomagnetic latitude, 0.6"N)
in addition to the lunar influence, a rather remarkable association of
magnetic disturbances with sporadic-E has come to our notice. We find
that during the main phases of most magnetic storms, when the horizontal
force was considerably subnormal, E. disappeared suddenly. While the
main features of this phenomenon were similar to those associated with
lunar currents, the length of time for which E. remained absent during
storm perturbations were, on the average, considerably in excess of those
associated with the lunar effect.

In order to see how the effects could be separated from those associated
with the lunar current, half-hourly day time (0730-1700 hours, 75"E time)
lonosonde records at Kodalkanal for a 3 year period (June 1957-May 1960)
were scrutinized. To start with, all cases of E. disappearance were
grouped according to the age of the moon and the number of occurrences
in each group were plotted against lunar age. It will be seen from the
resulting curve (Fig. 1, lower curve) that the frequency of occurrence of
the phenomenon was, in general, maximum around new and full moon with a
certain amount of extraneous irregular variation. Next, when the process
was repeated, with data for all disturbed days excluded, the behaviour
(Fig. 1, upper curve) was more systematic with regard to the age of moon,
resulting in better maxima around new and full moon and minima around
first and third quarter. This is an Indication that the disappearance of E.
was to a considerable extent associated with geomagnetic storm perturba- !
tions at irregular intervals, irrespective of the lwnar age.

According to Matesshita (1951), the occurrence of intense Es in
equatorial regions has a connexion with the large diurnal ranp in H at
these stations. These ranges are restricted to a narrow belt centred an
"zero" dip equator and are pklained by the occurrence of an intense east-
ward current, the so called electrojet, superposed on the normal current
responsible for the daily Sq magnetc varlition. The I. disappearance
at Huamcayo Is, according to Matsushita, caused by the wetward lunar
current which opposes the eastward slectrojet. This is confirmed from
observations of solar times of disa n at Kodalkanal where the
frequency of d is found to be minimum around 1100 hours
which to the time at which the normal. and electrojet effects are maximum
as ee from Kodalkanal magneic = 02

h order to obtain preliminary result on the effects at magnetic storms
on g, a superposed epoch analysis was carried out. Frominspection Of
lonograms a 1/2 hr Interls, the time of first disaopearance of Es was
takenas aere epoch A!w deviations A Me were obtakad for as 8 hr period
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around zero epoch. This process was carried out for twenty-seven storms
recorded during the 3 year period. For the same period, departures in
horizontal force and vertical force were also obtained and these together
with departures in fEs are plotted in Fig. 2. It will be seen that there is
considerable correspondence between E. disappearance and subnormal
values of H and Z. The horizontal force drops by over 1 75 y and vertical
force by about 18y on the average, simultaneously with E. disappearance.

It is known that the large "effective" conductivity in the dynamo region
during daylight (due to inhibition of the Hall currents) associated with
abnormally large solar daily magnetic variation Sq and electrojet is
responsible for the formation of equatorial type Es. While the westward
current responsible for lunar daily magnetic variations the eastward
currents resulting in E. disappearance, the ring current responsible for
Dst.variation, which is also westward, appears to prevent favourable
conditions for the inhibition of the Hall currents at equatorial stations. It
appears that this causes a considerable drop in the "effective" conductivity
in the dynamo region and results in weakening of the S and electrojet
currents; consequently we find subnormal values of H and Z and the
observed disappearance of E. for several hours during the main phase of
a magnetic storm.

A detailed study covering a period of over half a solar cycle is in
progress and the results will be published in due course.
Excerpt

BHARGAVA, B. N., and R. V. Subrahmanyan. The influence of disturbed
conditions and increased solar activity on geomagnetic distortion of
the equatorial ionospheric F2 region. Proc. Indian Acad. Sci. 55A,
330-344 (June 1962).

The principal diurnal anomalies in the maximum electron density of
Ionospheric F2 layer over Modaikanal are discussed. From an analysis of
data obtained over half a solar cycle, it has been found that the phenomena
of rapid increase in the electron densities following sunrise, the diurnal
asymmetry and the maintenance of abnormally high ionic densities after
sunset undergo systematic changes during stormy conditions. In order
to examine whether these changes are accounted for by additional move-
ments during disturbed conditions, magnitudes of movements terms of the
continuity equation at three heights, for the quiet as well as the disturbed
days, have been computed and discussed. The changes in the pattern of
diurnal variation of NmF2 with solar activity and the mechanism responsible
for these changes are also discussed. From an analysis of published F2
layer data obtained at a number of stations with magnetic dip between * 40,
It has been shown that the ratio of morning to afternoon peak densities yields
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a fair measure of equatorial F2 layer distortion anomaly. From solar cycle
variation in diurnal asymmetry, an attempt has been made to estimate the
extent by which the anomalous belt widens during sunspot maximum.
PA

BHARGAVA, B. N. Lunar tidal effects in equatcrial Es. J. Atmos. Terrest.
Phys. J§, 367-370 (1963).

Equatorial sporadic E-layer of the ionosphere (E. - q), known to
occur in a narrow belt in the vicinity of the magnetic equator, possesses
several characteristic features. The occurrence of this layer is confined
to daytime but on some days the layer disappears suddenly for varying
Intervals. lonosonde records at the equatorial station of Kodaikanal
(Magnetic latitude: 1. 75 N) indicate that the disappearance occurs most
frequently in local summer with a minimum in equinoxes and a secondary
small maximum in winter. The disappearance in E. - q was shown by
Matsushita (1957) to be of lunar tidal origin. A periodic variation in the
time of first appearance of the layer at Huancayo was also shown by Knecht
(1959) to be associated with lunar semi-diurnal tide. It is the purpose of this
note to show that in equatorial region an additional tidal effect in E. - q should
exist and that at Kodaikanal a variability has been found not only in the time
of Es - q appearance following sunrise but also in the time of late evening final
disappearance of the layer following sunset. The interval to time, during which
Es - q is present during the day, therefore, varies with the phase of the moon.

The similarity in the variability of the time of first appearance of
Es - q at Huancayo and Kodalkanal in relation to phase of the moon suggests
that lunar daily variations at the two stations are practically same. The
existence of strong lunar dependence in the time of first appearance as
well as in the time of final late evening disappearance, reported here, lena&
further support to the hypothesis put forward by Matsushita (1951) regarding
a close relationship between the equatorial eastward current and the
origin of Es - q.
A

BHATTACHARYA, H. Amplitude and phase .ectrum of radio-atmospherics.
J. Atmos. Terrest. Phys. J2, 445-450 (193).

Derivation, by the method of Fourier-into"ral transformation, of the
amplitude-frequecy and the phase-frequency distributions for the experi-
mentaUy observed wavetorms of radio-atmospherics. These amplitudes
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and phase distribution are also obtained by considering the return stroke
current expression. A comparison of the amplitude maxima obtained from
these methods suggests that discharges having sharper current pulse width
are predominant.
IAA

BHATTACHARYA, H., and Manoranjan Rao. Attenuation characteristics of
radio-atmospherics. J. Atmos. Terrest. Phys. 26, 263-271 (1964).

The amplitude-frequency spectra and the distances of origin of radio-
atmospherics have been obtained from an analysis of the observed waveform
patterns. Amplitudes, relative to the amplitude at 10 kc/s, for different
frequencies over a range from 3 to 15 kc/s are then plotted against the
distances of origin. For frequencies below the reference frequency of
10 kc/s it has been found that the initial decrease of the relative field
intensity is followed by a gradual increase after about 12 km. On the other
hand, for frequencies greater than the reference frequency, the relative
field intensity has been found to increase rapidly after the initial decrease
and subsequently to decrease gradually with distance. The marked differ-
ence in the nature of these curvcs for dibtances greater than 1200 km has
been attributed to ionospheric reflections. It has been shown that if the
received waveform pattern shows a succession of reflected impulses, then
for a large distance and for large orders of reflection, higher frequencies
are heavily attenuated. Due to this heavy attenuation of higher frequencies,
a sinusoidal waveform of a very low frequency is expected at large distances
and for large orders of reflection. The appearance of a low frequency
component of 3.3 kc/s observed by Tantry and Srivastava (1958) may then
be explained.
A

BHONSLE, R. V., and K. R. Ramanathan. Studies of cosmic radio noise on
25 Me/s. at Ahmedabad,. J. Sci. Indus. Res. -7A, 40- (Dec. 1958).

Attenuation of radio waves in the ionosphere is usually measured by
comparing the amplitudes of rveated reflections of pulses transmitted
upwards from the ground. This method Is aplicable only for frequencies
lower than the critical frequency of the F2 region at vertical incidence.
For frequencies higher than fWF2 , one would require a transmitter situated
outside the earth's atmosphere.
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Extrate.restrial radio noise sources in the galaxy provide cchnvenient
transmitters for the study of variations in the absorption ard scattering
of radio waves in the ionosphere.

Jansky was the first to recognize that variations in t'he Ionosr-herc
affect the reception of cosmic radio noise. He attributcd the reduction in
the intensity of cosmic noise observed during the day to the ionosphere.
Systematic observations were taken by Shain using IF. 3 Mc/s. in Australia.
He concluded that useful information concerning the attenuation of cosmic
noise passing through the whole of the ionosphere could be obtained by this
means. He found that, so far as absorption was concerned, the F region
was more effective than the E region. Mitra and Shain undertook an
analysis of the data in greater detail and proved that the total absorption
could be divided into two components, one which occurs in the D region
and the other in the F2 region. They calculated the diurnal and seasonal
variations and observed that F 2 region absorption was a function of its
critical frequency and not its height and suggested that increased nighttime
,dIscrption might be caused by the irregularities in the F region. Similar
analysis carried out by Blum, Denisse and Steinberg revealed a partial
absorption attributable at 29.5 Mc/s. to the F region or beyond. Uttle's
work on 65 and 30 Mo/s., which is in progress at College, Alaska, is
mainly concerned with high latitude effects such as sudden and intense
absorptions associated with the occurrence of visible aurorae and polar
blackouts. Warwick and Zirin have analysed the diurnal variation of cosmic
noise at 18 Me/s. in Colorado. Their absorption data did not allow them
to separate D region absorption from the absorption produced by the other
layers of the ionosphere. They consider that the absorption produced by
the other layers is negligibly small.

BHONSLE, R. V., and K. R. Ramanathan. agntc storms and cosmic radio
noise on 25 Mc/s at Ahmedabad (23"02'N, 72"38'). Planet. Space
Sci. 2, 99-103 (1960).

Studied F2 attenuation by measuring 25-Mc/s cosmic radio noise.
"'ind disturbance diurnal variation of total attnuation depends on local
time. Maximum decrease in attenuation occurs at 20 hr LT. Exsplain in
tern2a of known variationa of f0 F2 and F scatter on mapetically disturbed
days.
M
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BHONSLE, R. V. Study of solar flares using cosmic radio noise on 25 Mc/s
at Ahmedabad (23°02'N, 72°381E). Proc. Indian Acad. Sci. 51,
189-201 (1960).

Observed sudden cosmic-noise absorption on 25 Mc/s to study solar
flares. Tabulates frequency distribution of flare attenuations, times of
growth, direction, etc as recorded during 1956-58 at Ahmedabad. Finds
absorptions stronger and more enduring than those recorded in Australia
on 18.3 Mc/s in 1950-51. Classifies SCNA's as type A, B, C, or D based
on form of time variation. Type A has sudden Increase in absorption;
type B is accompanied by sudden burst of solar noise; type C is associated
with multiple or extended solar flares; and type D occurs if sun is low in
sky.
M

BIBL, K., A. Paul, and K. Rawer. The frequency dependence of ionospheric
absorption. J. Atmos. Terrest. Phys. 16, 324-339 (1959). (In German.)

Detailed analysis has shown that in most cases where observations did
not follow the writers' old formula L=B/(f+ L)2 +N. 3 (f 0 E/ ), intense
echos from a blanketing Es-layer were present. The theory is generalized
to the case of a thin, mirror-like Es-layer embedded into a parablwid E-
layer (model D). This gives a new function depending on a second parameter
given by the altitude of the mirror. By application of the new formula (with
the actual parameters of each observation) we obtain a much better descrip-
tion of the observed frequency variation. Noon values of B (non-deviative
D-absorptioa) and N (deviative E-absorption) show opposed seasonal
variations, N increasing by B decreasing with the sun's height. The
variation of N can be explained satisfactrily by a small decrease of the
altitude of the E-layer with increasing height of the sun.
A

DIBL, K. A note regarding fluctuation of ionization in the F 2 layer. IN: Land-
mark, B., ed., Advances in Upper Atmosphere Research. NATO
Avanced Study Institute, Corfu, Julv 1960, AGARD. 227 (Macmillan
Co., New York, 1963).

Considerations regarding the dynamical properties of the F2 Ionization
are essential for the un&rstanding of tbu relation between the ionospheric
storms and the normal variations of the F2 ionization wit'. ime of day,
season, solar cycle, geographic and geomagnetic latitude. The "taveling
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disturbances" and the lunar tides are examples of the variety of phenomena
occurriag. It may be shown that both regarding the temporal and geographi-
cal variations of the distribution of ionization and the more rapid movements
of the ionization, the F2-3000-MUF is up to now the best parameter avail-
able for a description of the phenomena. This supports the opinion of Dr.
Rawer that the movements of the ionization are of great importance for
the distribution of the ionization.

One mechanism that is particularly evident is the occurrence of the
"F3-stratification" (which has often been referred to as "G-scatter" ci
"lunar-layer') which occurs in the minimum of the MUF values shortly
after the minimum of f0 F2 (Bibl, 1958). In the paper referred to, the
author studied the changes in the variation of the ionization of the F2 layer
bo.h in time and phase. Periods between 2 and 12 hr, and recurrence
tendencies were found that indicate an "Eigenschwingung" of the ionosphere.
These oscillations may be seen from ionospheric movie films and from
direct recordings of ionospheric characteristics.

By comparison of MUF values from three stations, it was possible to
deduce time delays of the minimum phase, corresponding to a westward
drift with a velocity of about 300 kn/hr. No southward drift component
could be traced.

C•ner observations seem to have shown that the oscillations of ioniza-
tion mostly occur in a direction perpendicular to the magnetic field. It
has been found by phase Intercomparison that the fluctuations of the mini-
mum virtual height as observed as one European station are related to
those observed at another station to the south of the first.

At the equator the amplitude of the oscillations is larger and the
resonance effects are also clearer.

The correlation between stations at large distances can be very high in
this region (and sometimes also negative). A comparison between the
fluctuations of the F2 ionization and geom'agnetic activity has been carried
out.
Excerpt

BLACKBAND, W. T. The determination of lono hPric I!ctrgn Sontent by ob-
rervation of Forsy Ifad J. . Geophys. Res. j5, 19R7-1992 (1960).

From a study of the Faraday fading of signal. transmitted from a satel-
lite on 20 or 40 Mc/s the total electron content between satellite and observer
can be determined. In special cases a simple Interpretation of the records
ip e sible. This method can be applied to the study of the ionosphere above
the F2 maximum. The results of preliminary experiments are presented.
A form of satullte transmission is described which would be particularly
suitable for such studies.
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BLACKWELL, D. E., M. F. Ingham, and H. N. Rundle. Observations of
twilight and night sky airglow near the equator. Ann. Geophys. 16,
152-153 (1960).

During the wenim. of June, July and August, 1958, an expedition from
the Cambridge Observatories made observations of the zodiacal light at
thi. cosmic ray station of Chacaltaya -in the Bolivian Andes. The station
is situated at geographic latitude 16*4 S and geomagnetic latitude 4`9 S and
being at the height of 17, 100 ft, is particularly suited to optical observations
of this kind. One of the purposes of tie expedition was to phototrraph the
spectrum of the zodiacal light using a spectrograph of relative aperture
f/0. 87 and dispersion 78 A/mm in the first order of the red region and
38 A/mm in the second order of the blue region. As the exposures were
commenced soon after the end of astronomical twilight, the spectra neces-
sarily showed twilight emission features, and this note chiefly concerns
the results of measurements of the absolute intensities of these features.
Some measurements of absolute intensities in spectra of the night sky are
also presented.
PA

BLUMLE, L. J. Studies of the equatorial iono&,phere using the Faraday effect
on satellite radio transmissions. Scientific Rept. 156, Ionosphere
Research Laboratory, Pennsylvania State University, University Park
(March 1961).

The Faraday rotation effect on satellite signals has been used to
determine the electron content of the ionosphere near the magnetic equator.
The ambiguity in the total number or rotations along the ray path has been
resolved by observing the satellite when the number of r ftations along the
ray path is essentially zero. The rotations of the plane of polarization are
then counted from this point and used to determine total electron content.
Observations of the total electron content of the ionosphere made over a
four-month period are presented and compared with values obtained from
the dispersive Doppler method. The total electron content results are
compared with those obtained using a Chapman extrapolation for the electron
density profile above the electron density peak.
STAR

BLUMLE, L. J., and W. J. Ross. Satellite observations of electron content at
the magnetic equator. J. Geophys. Res. 67, 896-897 (1962).

The rotation of the plane of polarization of a radio wave propagating
through the tonosphore has been used by several workers to e'termine the
total electron cuntent of the ionosphere, using lunar reflections .[Browne,
Evans, Hoxgreaves, and Murray, 1956; Evans and Taylor, 19611 and

satellite beacOns (Garriott, 19601.
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2.36 x 104 N, se) 'dh(1
2 B e

f

where

fl = rotation angle in radians.
N = electron '.cnaity.

BL = component of magnetic field aiong ray path.
f = wave 1requency.
X = zenith angle of ray oath.

dh = a height element

BLSOO X =a weighted mean for t2he raug Of integratit,.

AUl quantities are in rationalized mnks units.
The value of BL sec X at 400 km was chosen for the observations

discussed in this paper, where the height range is to 1000 km.
If Q can be measured without -,mbiguity, equation 1 may be used to

determine total cornent. In most caems 01 cannot be measured iunambig-
uously. However, by using cletely spaced frequencies jzvans and Taylor,
1i611' or by estimnating the relatively small number of rotations in a

dieton that approaches the tranaverm condition jGarriott, 1960' 1, it in
possible to determine 0 to a fair degree ol accuracy. Alternatively, if
horizoftal stratificaition is assumed, changes in Q between two directions
may be use Ito estlimate the valin of 0

For a station on the magnetic equator, there is a time during eeach
satellite pass where BL' 0 along the entire ray path. The quasi-lougi-
tudinal (QL) approximation of th Apapleton-Hartree index [ ftatcffe, 19591
is not valid, and equation 1 does not apply.- The quasi.longltudlnat approxi-
mation is valid at 54 W/O' whren the sing of the angle 9 betiween the field and
the ray i~s sethan .9974. The maximum t1ime tako for aui~teioute at
1000 km kadistlngý 54Mlt signals to travel through the qwwA&r#WerueW
condtion (sin 9 >0V.9974)1.I about 3 seconds, and In general thi if only
a small part of an observed satellite, Pas.

ibservationi of the 54-Mo/s signals from 1961 oi (Trsafat 4A) have
been Ywiade -at a 6"ati8 on'd the AgnetWcquator OW.r Huancay Penu, Vilc

~eptt~er 196. The 'lpals ar eew n a fited dipole An!enI

,recorder to used to record 44~ %vgal, mwp~fbudsand thulg marke frm a
cockm. A reaord is, te rodizoed from the magn~et tspe maa pea recorder,

c~m~tttz .otakd from tbie orbitallopheier46. Tb. rotlims are thm
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The average reavlts of two quiet-day (EKp< 20) observations are shown
in Table 1. They may !Ne compared to mid- latitudes values for the same
time, which are about 1. 5 x 101 7 /m2 (to be published). The errors in the

TAM LE 1
Date, 1961 Time N dh/m- N dh/Nhmx km
Se-Pt. 18 1553 4. 9 Y 1017 370pa
Sept. 20 1711 3. 64X x 107 353
values tabulated are priiicipally scaling errors and in the height chosen for

Bsee X , but it is estimated that these do not introduce more than a
5 percent error in fN dli.

BLUMLE, L. J. Satellite observatio~ns of the equatorial ionosphere. J.
Geophys. Res. 67, 4601-4605 (1962).

A method of measuring total electron content by observing the Faraday
effect on satellite beacon transmitters at a station located on the magnetic
equator is presented. The method is applied to data observed at Huancayo,
Peru, between September 1961 and January 1962. The total electron
content at the magnetic equator has been found to have nearly a ten to one
diurnal variation with a maximum of 4 x 1017 m-2 near 1500 hours.
Values of the thickness parameter fNdh/Nmax for the observational
period show an anomalous increase around layer sunrise which is attributed
to a departure from thermal equilbrium.
A

BONNET, G. Pecualiarity of the F2 layer at Lwiro. Ann. (leophys. 10, 348-
350 (1954).

An analsis of very rapid variations of heights cf the F2 nighttime peak
during equinoctial periods is given An increase of the peak altitudes is very
often related to the presence of a layer corresponding to a nighttime E laer.
MGA

BOOKER, IL. ., AndH.V Wo els. Scateteing of radio waves by the F regon
oftelog~ Terrest. Mag. 43~ 240-256 (1930).
aecords aint rproduced showing diffms whbaee from the Ft-region of

theIonnpbre, rfteivWd co~ntinouly at night in equatorial rasks over a
wlide range of wave-frequency. They are Interpreted a due to BAYleigh.
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scattering by spatial irregularities in the distribution nf electron-density
at or above a definite level in the F-region. Because of the highly disper-
sive nature of the ionosphere, there is no marked dependence of Rayleigh
s~attering upon wave-frequency such as there is for a non-despersive
medium. According to this interpretation, variation of the maximum wave-
freqitency to which diffuse echoes can be followed has nothing to do with
variation of the maximum electron-density of an ionospheric region, but
merely indicates variation in the size of irregularities in electron-density.
Sca1;tering of this type may have some bearing upon the phenomenon of
presistence of E-region echoes to wave-frequencies greater than the critical
penetration-frequency of the E-region.
A

BOSE, S. N. The total reflection of electromagnetb. waves in the ionosphere.
Indian J. Phys. 1 121-144 (1938).

A mathamatical discussion of the propagation and reflection of waves
in which theJ method of characteristics is applied to the microscopic equations
of Lorentz.
M

BOSSOLASCO, M., and A. Elena. On some characteristics of the Es-layer.
Planet. Space Sc. 1, 205-212 (1959).

Study dependence of Es ionization on geomagnetic field. State that
solar radiation is chief factor controlling magnitude of foEs everywhere.
Plot absolute maximun values of hourly median values of foes vs latitude.
Find minimum near equator, two maxima near equator, two maxima near
15' or 20" latitude, and a sharp minimnun ut about 35" latitude in southern
hemisphere. Conclude that mean characteristics of Es layer are controlled
by normal current distribution responsible for Sq. Investigate drift of Es
reions maklg use of time displacement presented by diurnal nmaximum of
tots medians as revealed by Lsopleth representation. Say method appropri-
ate only for deducing prevaUbW zonal winds in season where maxima of
foes medians occur very clearly. Deduce that in summer s.onal wt~ward
drift of ts In forenoon reches mean values of order of 1,100 km/hr.
Find that in northern herosphere westward drift generally prevails during
summer and in forenon.
M
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BOSSOLASCO, M., and A. Elena. On the lunar semidiurnal variation of the D
and F2 layers. Geofis. Pura Appl. 46, 167-172 (1960).

Deduce linar semi-dirunal variation of absorption at Freiburg and of
foF2 at Genova, Freiburg, and Leopoldville. Find morphology of lunar
pemi-diurnal variation controlled by magnetic dip rather than geomagnetic
/latitude.
ýM

BOWLES, K. L., and R. Cohen. NBS equatorial region VHF scatter research
program for the IGY. QST 41, 11-15 (1957).

A cooperative program of research on ionospheric scattering will be
conducted by scientists and radio amateurs in the United States and the
other Americas during the International Geophysical Year. Transmitting
and receiving stations are soon to be installed in South America by the
National Bureau of Standards. The transmissions will be beamed northward
toward Central and North America and eastward across South America.
Radio amateurs are asked to provide reports of their reception of signals
from these stations. This article traces the background leading to the
design of this project and outlines the experimental arrangement.
A

BOWLES, K. L., and R. S. Cohen. Observations of F-layer scatter near
the magnetic equator. Paper presented to URSI Spring Meeting,
Washington, D. C., May 1959.

No abstract available.

BOWLES, K. L., and R. Cohen. Studies of scattering phenomena in the
"equatorial ionosphere baued upon V. H. F. transmissions across the
magnetic equator. IN: Beynon, W. J. G., ed. Some Ionospheric
Results Obtained During the IGY, Proc. Symposium URSI/AGI
Committee, Brussels, Sept. 1959, 192-194 (Elsevier Publishing Co.,
New York, 1960).

Results have been attained pertaining to the phenomena of equatorial
sporadic E, equatorial spread F, and propagation by means of iowupberte
radio wave scattering at v.h.f , near the magnetic equator. These ftudtes
are the results of I.O.Y. experinaentatiom In South America utiliziag 60 Mo/s
transmislion crossing the magnetic equator at Huancayo, Peru, and over
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other oblique paths. Additional ionospheric experiments were also
conducted in Huancayo at vertical incidence.

It has been established that a close relationship exists between the
magnetic manifestations of the equatorial electrojet current above Huancayo.
the occurrence on Huancayo ionograms of equatorial sporadic E, and the
intensity and fading rate of v.h.f. signals propagated by the ionosphere
over Huancayo. The zone in which E region effects of the ecpyatorial
current-stream are z'parent extends over some 100 of lPAitude. Also the
scatter propagation in the equatorial ionosphere is characterized by higher
signal-levels and by more rapid fading-rates than are observed in the
ionosphere at temperate latitudes, and signal-sLtengths remain high
throughout the night. The feasibility of utilizing ionospheric scattering
for communications in equatorial regions seems quite promising. Curiously,
ionospheric scatter propagation at v.h.f. similar to that associated with
sporadic E formations in temperate latitudes is observed from time to
time just to the North and South of the magnetic equator, but its occurrence
appears to be excluded in the immediate vicinity of that equator. Further
a remarkable sensitivity to polarization was established in h.f. radar
echoes obtained at vertical incidence from the diffuse region (bounded by
the slant sporadic E and extending to the q-type sporadic E), comprising
the typical magnetic-equatorial sporadic E configuraton appearing on
Huancayo ionograms. These diffuse echoes were obtained with an antenna-
array polarized magnetic North-South, but were virtually eliminated upon
using an East-West polarized antenna-array for transmitting and/or
receiving.
A

BOWLES, K. L., R. Cohen, 0. R. Ochs, and B. B. Balsley. Radio echoes
from field-aliE!Ld ionization above the magnetic equator and their
resemblance to auroral echoes. J. Geophys. Res. 65- 185-1855 (1960).

Daring the bternational Geophysical Year, under the joint auspices of
the United States National Committee for the DGY, the Voice oi America,
and the Natioul Bureau of Standards, we operated a chain of 50 Mo/s VHF
forward scatter circuits near the magaetle equator in Soath America

IBowles and Cohen, 19571. An intense mode of VHF prapagaotio associated
with equatorial sporadic X was foumd to occur and was demonstrated to be

closely idematfable in time-variatiL and hegh wit fth equatorial electro-
jet. (A brief account of these findn was published by Gats (1959) and a
more o•mPreasive report will be submitted shortldy for pmlcation.) As
a result at Stanford University MGY backscastter studies at Huaasyo, fEan

(Stanfoird Un!iersity Radio Propegation, Laboratory Tech. Wep. Is
cember , 1959, •pd oirmed cur e3pectation Ilowle and

Cohen, 19571 that te radio echoes from Irregularities in the vicinity of
the equatorial I region exWbit a magnetic-field related aspect seesitty

75



B

similar to that of radio echoes from auroral ionization. To better under-
stand the irregularities in the equatorial electrojet region where these
unusually strong forward scatter signals are propagated, we have mounted
various VHF and HF radar and CW experiments of short duration. R is
the purpose of this communication to relate the essential first results of
this research before the submission of a more detailed report.

At Huancayo, strong daytime echoes from equatorial sporadic E can
be observed at 50 Mc/s throughout the plane normal to the lines of force of
the earth's magnetic field. This plane is nearly veritical and oriented in the
magnetic east-west direction. Typically, signal-noise ratios as high as 20
decibels can be obtained using simple Yagi antennas, 10 kc/s receiver
bandwidth, and 5 kw of peak power. At vertical incidence the polarizationIof the echoes is parallel to that of the transmitting antenna, independent
of the orientation of the latter. No significant cross-polarized component
can be observed. The echoes arise within a zone approximately 7 km thick,
the center of which is between 100 and 105 km above sea level. The layer
is present in varying strength daily during the daylight hours. During most
of this time its characteristics are nearly uniform in the east-west zone
within line of sight from the station.

The echoes fade rapidly in a manner reminiscent of auroral echoes
obtained at roughly the same frequency Bowles, 1954; Nichols, 1959.

We have measured their frequency spectra with a panoramic spectrum
analyzer, not only at vertical incidence, but at various oblique angles to-
ward the east and west. At vertical incidence the spectrum of the echoes
is symmetric about the transmitted frequency and usually from 100 to 200
c/s wide. Looking toward the east the spectrum is ordinarily shifted upward
in frequency by about 125 c/s; looking toward the west it is ordinarily
shifted downward by an equal amount. This oba arvation would normally be
interpreted as evidence of a horizontal drift of irregularities from east to
west at velocities of the order of 750 meters/sec. However, it Is noted
that Pn identical shift in the maximum of the spectrum is obtained looking at
both 30 and 60 degrees from the vertical, while geometrical considerations
related to the line-of-sight component of a horizontal drift would suggest
that these shifts should be related in the ratio 0. 5/0. 86.

Using two antenna spaced along an east-west baseline, we also searched
for evidence of this drift by correlating the fading patterns at various time
separations. At vertical incidence we were unable to find any evidence of
a drift. At oblique Incidence, however, there was clear evidence of a drift
having approximately the horizontal velocity Inferred from the Doppler-shift
measurement at the same angle of incidence.

We regard the results of these two experimmtes as evidence that the
irregularities viewed by die radar at one agle of Incidence differ In some
manner from those viewed at other angles of incidence, even when both
angles lie within the plane normal to the lines of force of the earth's
magnetic field. Because of the uniformity of the equatorial scattering ane
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in which the irregularities are observed, we infer that the same result
would have been obtained had the irregularities within a given region been
observed fr m various angles. We therefore suggest that the presently
accepted model of thin ellipsoidal field-aligned irregularities [Booker,
19561 does not explain the echoes we have observed. A model consistent with
our results is one in which the irregularities are plane wavefronts, the
wave normals of which are distributed in a plane normal to the magnetic
field lines. Thcese wavefronts are perhaps longitudinal hydromagnetic
waves of electron-density. The transverse dimensions, i.e., correlation
distances, of these wavefronts would have to be several hundred meters or
more. This is also evident from the results of a second series of experiments
along a north-south baseline.

The separation between antennas along a north-south baseline required
for a 1/e correlation at 50 Mc/s was of the order of 35 wavelengths. For
a fixed separation of about 15 wavelengths, the correlation varied with time
between the limits of about 40 per cent and 80 per cent. Comparison of
nearly simultaneous spaced-receiver experiments at 50 and 21.8 Mc/s
indicated that the correlation was identical at the two frequencies for the
same antenna separation measured in wavelengths. This indicated that the
north-south angular width of the sector defining the scattered echoes was
the same at both frequencies. We theL performed a test with a wide-spaced
north-south interferometer (35 wri elengths) using 10 microsecond pulses
(1.5-km radar-range) and a receiver bandwidth of 100 kc/s. The lobe
orientation was adjustable within the ambiguity of the lobe spacing of about
1.6 degrees. A-scope photograpihs were taken at successive steps of 0.4
degrees of the interferometer loe orientation. These demonstrate that it
was possible for us to discriminate against the lower part of the echo (at
about 100-km range) while simultaneously favoring the upper part of the
echo (at about 105-km range), or vice versa. This result suggests that the
signal energy from the upper part of the equatorial sporadic E layer may
arrive from a slightly different direction than that from the lower part.
For an echo angular spectrum distributed over about 0.6 degree, the
observed north-south correlation of about 35 wavelengths would be obtained.

These interferometer results could arise if the magnetic inclinations
at the top and bottom of the equatorial sporadic E layer differed by about
0.6 degree, and if the Irregularities themselves were characterized by a
correlation distance much greater than 35 wavelengths. It is reasonable to
suppose that the inclination of the magnetic lines of force may vary with
height in this manner, as a consequence of the strong currents flowing in
the electrojet. To test this hypothesis further we made a series of observa-
tions of the correlation coefficient for a north-south baseline of 15 wave-
lengths. We found tha the correlation coefficient was lowest, and hence

the angular spectrum of the echoes widest at times when the H trace of the
Huanoayo magneosrm indicated the eleotrojet current to be strongest.
This is oonsistent with the picture that the electrojet current slightly distorts
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the magnetic lines of force. Huancayo is situated where the magnetic
inclination is about 2 degrees, and hence is about 1 degree of latitude from
the midpoint of the electrojet region. On the other hand, from symmetry
considerations it is to be expected that the inclination would be horizontal
at the midpoint of the electrojet, both at the top and bottom of the current
sheet.

The VHF echoes described in the foregoing paragraphs bear a striking
resemblance to VHF echoes from E-region auroral ionization. Both classes
of echoes occur in about the same height range of the ionosphere. Both
have about the same bandwidth of fading and similar Doppler-shift charac-
teristics. Both kinds of echo exhibit an aspect sensitivity corresponding
to the influence of the earth's magnetic field, although in both instances
strong echoes can be observed along propagation paths which are not
precisely orthogonal to the lines of force of the static magnetic field of
the earth. Strong currents are observed to flow horizontally normal to the
lines of force of the earth's magnetic field both at the magnetic equator
and in auroral forms such as the homogeneous-arc or the rayed-band.
Because of these similarities, it is tempting to infer that the conditions
creating the irregularities responsible for radio wave scattering might be
identical in both cases. We therefore suggest that in both the auroral and
equatorial phenomena the irregularities could reasonably consist of a
family of plane-wave disturbances constrained to lie parallel to the local
lines of force of the earth's magnetic field. The velocittee of these plane
waves might be a function of their angle relative to the direction of the
current, as indicated in both cases by the fact that the Doppler-shift data
are inconsistent with simple drift motions [Leadabrand, Presnei!, Bezg,
and Dyce, 19591. We further propose that the apparent weakness of the
aspect sensitivity in both cases could be produced by local distortion of
the earth's magnetic field due to the flow of strong localized Ionospheric
currents.
Excerpt

BOWLES. IL L. Equatorial electron density profiles to 5000 kme, using the
incoherent scatter teohnigue. Committee on Space Research, The
Hague, Netherlands (May 1962).

Profiles of electron density over the height range 100 to 5000 Kins are
being measured using an incoherent scatter radar near the magnetic
equator at Lima, Peru. The method produces a profile continuouw through
N .- height range. New observations are made at intervals of less than one

hour pes1tting study of dynamic changes in the profile. Measured profiles
are siven as typ:,.I, examples for daytime and nighttime. The electron
density approximate 10 per cubic oenttmeter at 600 Km., 104 at 1100 Kms
and 103 at 4000 Km.. An intermediate region appears between 700 and about
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2000 Kms. A distinct widening of the scatter spectrum at about 2000 Kms
suggests the beginning of the protonosphere. Prospects are good for
increasing the maximum height to 30, 000 Kms within the next several
months.
STAR

BOWLES, IL L., et al. Profiles of electron density over the magnetic equator
obtained using the incoherent scatter technique. NBS Tech. Note 169
National Bureau of Standards, Boulder, Colo. (Dec. 18, 1962).

Electron density profiles (obtained near Lima, Peru), using the
incoherent scatter measurement technique of Bowles et al. (1962), are
presented. Profilee reported were obtained with the radar antenna directed
three degrees away from the perpendicular. Under this arrangement, the
coherent echo power should be reduced perhaps three to four orders of
magnitude relative to the perpendicular. Coherent irregularities are,
therefore, ignored for analysis of most of the profiles. Transmitter peak
power and antenna cross-section values are given for the months January,
February, and April of 1962. The profiles obtained are reliable up to
200 kmi, but the electron densities indicated below that height are over-
estimated.
STAR

BOWLES, K. L. Recent radar observations of now forms of ionospheric scatter.
IN: Beynon, W. J. G., ed. Neonograph on Ionospheric Radio, XIIIth
General Assembly of URSI, 200-209 (Elsevier Publishing Co., New York,
1962).

Discussion of some recent developments which show promise of
providing information on the kinetic and dynamic nature of the ionosphere.
It is noted that new propagation phenomena, particularly within the realm
of scattering processes, have usually been discovered each time significant
improvements in radar sensitivity have become possible. Further discov-
eries have frequently followed when these higher sensitivities have been
employed In untried geographical regions, The results discussed stem from
the application of one or both of these approaches by U.S. groups since
1957. Specifically covered are VHF echoes from the D region, and field-
aligned echoes observed at low frequencies including observations from the
Caribbean, from Stanford University, and both MY and National Bureau
of Standards measurements at the magnetic equator.
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BOWLES, K. L. and R. Cohen. A study of radio wave scattering from sporadic
E near the magnetic equator. IN: Smith, E. K., and S. Matshushita,
ed. Ionospheric Sporadic E. 51-77 (Pergamon Press, Inc., New York,
N.Y. 1962).

Sporadic-E irregularities in the equatorial ionosphere have been
simultaneously studied with an ionosonde located at Huancayo, Peru, ard by
means of radio-wave scattering at 50 Mc/s. The latitude dependence of
oblique scattering has been observed over paths in the vicinity of the
magnetic equator. A close relationship has been established between the
strength of the scattering irregularities associated with equatorial sporadic
E and the intensity of the equatorial electrojet current. Radar studies at
Huancayo suggest that the equatorial sporadic E irregularities in the
electroject are plane wave fronts parallel to the earth's magnetic lines of
force. On this model, the wave normals to these planar irregularities are
distributed at various angles in a surface normal to the magnetic field lines,
and the planes move westward at velocities which are a function of these
inclination argles. The slanted trace heretofore described as "lquaý ,rial
slant sporadic E" is demonstrated to be a configuration arising from echoes
in the east-west plane from the equatorial sporadic E-layer.
J. Res. NIBS

BOWLES, K. L., B. B. Balsley, and R. Cohen. Field-aligned E-region
irregularities identified with acoustic plasma waves. J. Geophys. Res.
68, 2485-2501 (1963).

This paper describes some measurements related to the nature of field-
aligned irregularities in the E region. The measurements were performed
near the m.gnetic equator, and the irregularities are attributed to the eqaa-
torial electrojet. It is shown that the irregularities are most likely to
consist of plane acoustic waves generated by an Instability resulting from

the flow of current in the electrojet. Reference is made to a recent theory
of Farley in which the existence of such waves is predicted. The character-
istics of auroral radar echoes are shown to be similar to those of the equa-
torial ohoes. It is inferred that the auroral field-aligned irregularities are
also caused by the flow of electrojets.
A

BOWMAN, 0. G. A relationshi between &reasp rd-F the,
Llayer. Austral. J, Pbys. 13_ 0-73 (190).
Toe variation, throughout the night, of range-spreading spread-F

widths, at Brisbane, is Investigated. Evidence is prosnged to support

80



B

the hypothesis that the ripple amplitude of the spread-F ionospheric
irregularities varies directly with the layer height. This leads to an
association between the range-spreading width and the height of the layer.

Certain aspects of frequency-spreading are also discussed.
A

BOWMAN, G. G. Further studies of "spread- F" at Brisbane - I Experimental.
Planet. Space Sci. 2, 133-149 (1960).

Rotating-spaced loops at Brisbane recorded the azimuths-of-arrival of
pulsed signals at the same frequency, from a transmitter on the site of the
loops.

These and other normal-incidence records indicate that the irregularities
of the F2-layer responsible for "Spread-F" records at Brisbane, are
ripples of considerable lateral extent with a "wavelength" varying from 20
km to over 100 km. The position of the ripple in each ionization contour
changes with height in such a manner as to suggest a simple relationship
with the geomagnetic field orientation.

Seasonal variations of the phenomenon show a winter maximum and a
summer sub-maximum, and there is a distinct inverse sunspot-cycle
relationship. The type of spreading defined as range-spreading generally
has a peak of occurence around midnight, and that defined as frequency-
spreading peaks during the sunset and sunrise periods, after an allowance
is made for a diurnal variation associated with the changing f0 F2 value.
A

BIRAMLEY, E. N. Some comparative directional measurements on short radio
waves over different transmission paths. Proc Inst. Elec. Engrs.
102B 5"-549 (1955).

From observations of transmissions on 5i-8 Mc/s from Aberdeen to
Wlnkfleld, entirely over land, and Hemsby, mainly over sea, it is
concluded that correlation of closely corresponding components of F layer
tiit is generally negligible. A daily variation of tilt approximately E-W
occurs at about 0.2 /h. On second order F layer transmissions over 700
km, the l&nd acts as a rougher reflector increasing the rapid directional
fluctuations I the echo but not the total bearing variance, mainly omased
by the ionospheric tilts.
N
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13EIEMMER, H. Terrestrial radio waves. (Elsevier Publishing Co., New York,
1949).

As radio technique developed the question arose of what range may
theoretically be expected for waves sent out by a transmitter of a given
strength and in a given position. Speaking mathematically-physically,
this means that che electromagnetic field, and, more especially,, the
magnitude of the electric field, should be determined when the transmitter
is a given source of electromagnetic waves. Whereas this problem is
comparatively simple for a transmitter in empty space, it becomes very
difficult when we take into account the disturbance caused by the spherical
earth. As a result of this influence we are faced with a problem of dif-
fraction, which may be compared with that of the exact determination of
the distribution of light in a space where the light coming from a given
source is intercepted by screens or similar obstacles. Whereas-this
particular kind of problems may be solved in certain cases - as that of a
sereen forried by a half plane - with the aid of integrals, the same does
:..Dt apply to our diffraction problem.

As in many other practical problems, the matter under consideration
has to be greatly idealized. This is necessary in order not to make the
calculations too involved; of course, any simplifications introduced should
aot exercise too great an influence quantitatively. In our case these
simplifications comprise the following points:

(1) The transmitter (that is, the transmitting antenna) is Imagined
to be of infinitely small dimensions. In practice, this means that the
length of the aerial should be small in comparison to the wavelerqth. It
should be borne in mind, however, that the field of a transmitter of finite
length (in which the current is not necessarily the same at all points) may
be obtained by integration from a superposition of infinitely simall trans-
mitters.

(2) The earth is imagined to be spherical and homogeneous. With
respect to its electrical properties the earth is then completely charac-
terized by the dielectric constant, (, and the conductivity, c ! the earth,
therefore, is at the same time a dielectric and a conductor.

(3) Suppositions regarding the constitution of the atmosphere. The
simplest way is to assume the atmosphere to consist of empty s1;ace, L e.,
non-conductive and with a dielectric constant equal to I. This amounts in
the first place to neglecting the influence of the ionosphere (the conductive
layers in the upper atmosphere), and also that of the refraction in the lower
atmosphere, which is chiefly caused by the differences in the 'apour
content at different heights above the ground. It is especially the ionosphere
which readers possible the propagatio of the waves over long distances;
this is, however, of less importance for shorter distances, especially
dhrl•ng the day-time, because then the lower layers of the ionosphere (the
bv-oalled D- and E-layers) are strongly developed and absorb the radio
waves instead of acting favocrably for their propagation.
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In the present, work we shall discuss, in Chapters V1I - XI, inclusive,
the influences of the ionosphere and the refraction in the lower part of the
atmosphere. In Chapters 11 - VI, inclusive, these infiluk.ices will be entircly
ignored, so that the atmosphere is there imagined to consist of empty space.
The results obtained in this way apply, in accordance with what we said
above., especially to day-time; they equally appiy to night-time for those
distances at whicl, the field caused by the ionosphere (the so-called sky-
wave) is small as compared to the direct field (the 'ground-wave').

The mathematical formulation of our problem will then be as follows.
Of Maxwell's eqiations a solution is required satisfying the following
conditions:

(1) Outside the earth the equa-tions for free space are valid; inside the
earth the equations corresponding %tthe values of t and a assumed to
exist there.

(2) The field is singular at the transmitter (point source) which
prescribes the character of this singularity.

(3) On the earth's surface the field satisfies the usual conditicgl.. at
an interface of two media, L. e. , the tangential components of the electric
and magnetic fields are continuous there.
Excerpt

BRIGGS, B. H. , G. J. Phillips and D. H. Shinn- The analysis of observations
on spaced receivers of the fading radio signals. Proc. Plays. Soc. B
63, 106-121 (1950).

The fading of a radio wave once reflected from, an irregular ionosphere
ib disvusised in terms of the variable diffraction pattern produced at the
groun A" It is pointed ouit that fading m~y arise either by a drift of the
diffraction pattern pass. a receiver, or hy irregular variations in the
pattern, or by ýoU% mechanismis togetfrir. Rt is shown how, from cAkserv'a-
Uonai at three receivir%, points, it 13 possible to deduce the rate at which
the pattern is changing and the velocity with which It drifts over the ground.
This velocity is of interest as it may be related to the wind velocity at
ionospheric heights in the Atmosphere, but the relation of the diffraction
pattern WQ the Irregular ionosphere which produces It in not discussed
in detail.
A

BRIQOS, B. H., and G. J. Phillips. A st*,of horizontal, irregularities
of the ionosphere, Proc.. Plays. Smc. J3 W, 907-923 (1950).

The theory of diff-raction by a random screen developed by Booker,
Ratcliffe and Shinn I) presented in A convenient forma for praoctia applica-
tionin ionos1*1c experinients. It is shown that meaUre'news of the
correlation of Owe fadin of the rmflected wave observed at spaced recelving
points can be used to find the w&d nt of the angular spreadinag of the dm*-
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Histograms are gtvez. ; show the frequency of occurrence of different
degrees of angular spreading observed during a series of experiments
using pulse transmissions at verticl incidence.

For a frequency of 2. 4 Mc/s. it Is most common to find that the down-
coming wave has an angular spread such that the amplitude falls to half
value at an angle uf 5" for regions E and F. For region F observed on
4. 8 Me/s., the correspondiag value is 2. 5. There is no evidence for any
pronounced seasonal or diurnal variations.
A

BRIGGS, B. H. An investigattor? of certain properties of the ionosphere by
means of a rapid frequency-change experiment. Proc. Phys. Soc. B
64, 255-274 (1951).

The paper is connerned with the recording of various characteristics of
a radio wave reflected from the lonosphe'e as the frequency is altered
rapidly.

An apparatus is described in which a receiver Is kept in tune with a
sender by means of automatic frequency control circuits operated by the
direct pulse from the sender. The tuning is corrected by each pulse
and remains fixed for the time between pulses. A frequency range of
1 Mo/s. can be covered in 1 sec. and may be selected anywhere in the
range 2-20 Me/s.

A number of applications of the apparatus are described and typical
records are reproduced. The irregularities of Ionization present in the
normal regions are investigated by the observation of the irregular
variations of the ampdtude of the reflected wave which &*e produced when
the frequency is altered. Irregularities of ionization are sometimes found
to be localized in height. OMservations of the reflection ctmfficlent of the
abnormal region E suggest that there are two distinct types of region, one
an irregular region consisting of scattering clouds, the r•,er a coherent
layer with a thickness of the order of 5 km. The appe istus Is also used to
study the behaviour of the subsidiary critical frequeAcies often present
below the main critical frequency of region E. It 's found that these are
alwas Oecreasing in critical frequency wheneve., they are observed.
Records of amplitude and group path near the c A'ica frequency of a region-
ca- he used to determine the collision trequsviies of electrons. The
treatment is mainly descriptive, and a full 'ehsoussion Of those records
Awhich require a detailed quantitative aaksls Is reserved for a ileter paper. -! ~A i

311005, B. iL , and M. Spencer. Horizontal movemonft in the loM!&Mp .
Rept. Prop. Phys. 1?,ý 248ý-280 (1954).

The objt of the paper is to survey the existing knowlede of horizontal
movemeIts in the lonosp•re as obtained by radio methods. After a brief i
-- toduato the valou methods and associt•-d results are described u rnder
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the following main headings: Relected radio waves observed at closely
spaced points; ob ervations of movements of large scale irregularities in
the F region; observations of waves from radio starc, observations of
waved reflected from meteor trails; observations of waqe~s reflected from
the sporadlc-E layer. The most detailed discussion is accorded to the
first of these methods, with which the authors have been personally

associated. The results obtained at Cambridge, England, by this method
are compared with the results obtained by other workers using this and
the other methods in different parts of the world. The following conclusions
are reached: At all levels in the Ionosphere systematic as well as irregular
horizontal movements are present. Typical velocities are of the ýrder of
80 m/sec; there is a tendency for the velocity to increase with height.
The systematic movements have the form of regular diurnal and seasonal
variations and show eonsiderable consistency between observations made In
the Northern and Southern hemispheres. At heights around 100 km the
semi-diurnal components of the velocity, as determined by Fourier analysis
are found to represent a uniformly rotating velocity vector; the direction
of the rotation is clockwise in the Northern hemisphere and anti-clockwise
in the Southern hemisphere. This is the type of movement predicted by the
theory of atmospheric oscillations, though the phee of the rotation is not
that expected theoretically. At times of magnetic disturbance the velocities
of the horizontal movements are increased, and this phenomenon becomes
more marked with Increasing height in the atmosphere. At 300 km velocities
as high as 1000 m/sec have been recorded during magnetic storms. The
report ends with a brief summary of observations by non-radio methods.
A

BRMOS, B. IL A stud! of tb • ionospheric irregularities which cause spread-F
echoes and scintillations of radio sltar. J. Atmos. Terrest. Phys. 1.2
34-45 (1958).

A study Is made of the correlation between the ocourrence of spread-F
echoes at Slough, Inverness and Oslo. It 1 concluded that the ionospheric
irregularities which cause the spreading occur In patches which have
dimensions of the order of 500 km in a Nq direcUon, and considerably
greater in theEW direction, There Is an indication thAt these "band&
of irreularities nW lie along Oines of magnetic latitude, and they tend to
occur In the sameI geographical pasitlon o succslve nights. The *or-
relation of the scintillalonw of the radio star in Cassiopeia with the
occurrence of spread-F echoes at two places Is invetiatd The results
are found to be consistent with the same picture of th spatial ditrbui
of the irregular~tIs. Some Indireot arpmessugst that the Irreu s
causing the scintillations are at heighs war 300 km.
A
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BRIGGS, B. H. Survey of ionospheric drifts. IN: Beynon, W. J. G. ed.,
Ionospheric Radio, 219-239 (Elsevier Publishing Co., New York, 1962).

This survey is intended to summarize the present knowledge concerning
horizontal drifts and tidal oscillations in the upper atmosphere. An attempt
will be made to present a world-wide picture, and for this reason emphasis
will be placed on methods of observation which have been used at several
places, and which have contributed most to the general picture. Some form
of selection is in any. case necessary in order to keep the survey within the
permitted length. Topics which will not be discussed include movements
of Es patches, auroral and airglow movements, drifts of noctilucent clouds
and acoustical methods of drift measurement. Papers giving results of
observations by these methods are, however, included in the bibliography,
which has been made as complete as possible. Vertical tides are not
discussed. The omission of these topics, is not, of course, meant to imply
that they are of small importance, and it is hoped that they will be covered
in the later detailed discussions, and, if possible, brought into relation to
the general picture presented in this survey.

It will not be possible in the space available to deacribe experimental
techniques, and for such descriptions reference must be made to the
original papers or to earlier reviews. For the same reason, methods of
analysis of records will not be treated; again it is hoped that this topic
can be adequately covered in the later discussions. Theories of movements
and irregularities in the upper atmosphere will be discussed In the paper
by C. 0. Hines (p. 238).
A

P-iGOS, B. H. Obseivations of radio star scintillations and spread-F ehoes
over a solar cycle. J. Atmos. Terrest. Phys. .0, 1-23 (1964).

Observations of the scintillations of the radio source Cassiopeia A
wore made at Cambridge on a frequency of 38 Mo/s over the period 1949 -
196L The results are presented in the form of curves showing the mean
diurnal vatation of the scintlUation index for each month. The variations
of scintillation index with solar time, sidereal time and zenith angle are
derived and discus"d. Seasonal and solar cycel variations are also
considered. Ionognra from Slooh were analysed to st0d the occurrence
of spread-F echoes for the period 1949-1960, and the results are compared
with the observations of scintlilams. special consideretion is given to the
variattons with the solar cycle, which are opposite for the two phenomena
the scintillation effect is greatest at sunspot maximum, bAt spread-F echoes
occur more frequenfly at sunspot minimum. It is concluded that at sunspot
-aximum the ionospheric Irregularities which cause radio star solntlllatiom
must be mainly above the level of maximum ionization of the F-region, ani
are therefore unobservable by ground-based sinders. For the years
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near sunspot maximum, scintillatIzns occur frequently by day as well as
by night. Possible expla atiornA of these daytime scintillations are
considered.
A

BROWN, R. A. Lunar variations of the F2 layer at Ibadan. J. Atmos. Terrest.
Phys. 9, 144-154 (1956).

Regular readings of F2-layer parameters taken at Ibadan from December
1951 to April 1954 have been analysed for lunar and luni-solar variations.
Harmonic analysis shows that the lunar variations of hmF2, ymF 2 , f0 F2,
and h'F2 are semidiurnal and of considerable amplitude. These variations
are presented as harmonic dials. They show marked seasonal variation
of amplitude and phase. The luni-solar effects are also large; the phase
of the lunar oscillations changing by particularly large amounts during the
course of a solar day. Values of the recombination coefficient at various
heights in the F2 region are deduced from the luni-solar variations, and
shown to be consistent with an exponential decrease with height.
A

BUKIN, G. V. Ionospheric observatIons over the Atlantic Ocean. Geomi;.
Aereon. I 728-731 (1961). (Original in Russian.)

A thorough analysis of ionospheric observations over the Atlandi in
1968-1959, by means of vertical soundings showed that the equatorial
ioncobere suba ally differs from the ionosphere In the middle latitudes.
The results of the analysis are represented In graphs.
MGA

BUROAaD, 0. Studies of the be&t osoiations of the 2-layer. IL 0..t1.
Pura AppL -11 -12 M prl-Jum 19O0). #n German)

The records of 8 stations show that the minimum height of the layer

siws a variation with a period of half the sunput cycle. A Penuisa
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station, Huancayo, shows a large variation with the same period as the
sunspot cycle superimposed on this double peaked variation.
PA

BURKARD, 0., and R. Eyfrig. Studies of the height oscillations of the F2-layer.
HI_. Geofis. Pura. Appl. 16, 123-127 (April-June 1950). (In German.)

It is necessary to distinguish between the minimum height and the
height of maximum electron concentration in the F2-layer. Near the
equator there is a considerable difference between these heights, and the
height of maximum electron concentratibn increases with the number of
sunspots while the minimum height decreases.
PA

BURKARD, 0. Electron annihilation in the F2-layer. Int. Ass. Terrest. Mag.
Elec. Bull., 13, 381-385 (1950).

If the influence of variable activity of the sun is eliminated from the
nightly diminution of the F2-ionization, there results a linear law in the
form of dn/dt =On. The value of P3 is found to be about I - 10-4 sec-1.
The seasonal variation of 0 is investigated for the stations Huancayo,
Kochel (near Munich), and Watheroo. If this variation is due to a
temperature-effect, the summer temperature must be about three times
larger than the winter temperature at Middle latitudes.
PA

BURKARD, 0. Studies on the ionospheric tidal effect. J. Atmos. Terrest.
Phys. 1, 349-352 (1961). (In German.)

The F2 -layer critical frequencies at Huancayo show a luni-solar daily
variation of the same kind as that found in the components of the earth's
magnetic field: the simidiurnal lunar variation is pronounced during the
day-time only, and is practically absent during the night. Because of the
great varlaiAtty of the individual night-values of fF2 , the phases of the
M2-tlde computed for night-hours must be regarded as accidental.
PA

"" URKARD, 0. Some comments on the geomagnet effect in the F2-layer. Proc.
Mixed Commission on the lonosphere, Brussels, 16-18 Aug. 1954.
115-122.

Earlier work uslag equinox noun values has shown a geomanuetic
Influence on the ionization in region F2. Consideration Is here given to
the geomagnetic Influence evident in solstice midaight values. It is
shown that at the solatices the form of the variation with geomagnetic
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latitude may be quite different. An example is also given of conditions in
December in which the noon values of the ionization for stations above
about 30°N seem to show little or no geomagnetic effect. In the light of
the results given, proposals are made for the distribution of new
ionospheric sounding stations during the I. G. Y.
PA

BUSCH, H. F., and J. A. Green. An experiment with low-power ionosonde
equipment. J. Geophys. Res. 68, 4375-4378 (1963).

Because of payload limitations, the advent of rocket-launched satellites
designed to provide 'topside' ionospheric soundings has introduced the use
of pulse sondes having effective radiated powers in the range of a few watts
to tens of watts. The results of employing such instrumentation have been
reported by Knecht and Russel 11962 1, Knecht and Van Zandt 119611, and
Defence Research Telecommunications Establishment 119621. The
present note describes ground-based soundings obtained through use of
radiated powers an order of magnitude smaller than those in the satellite
experiments.

During March 1962 a field problem necessitated the measurement
of local ionospheric behavior at a point near the geomagnetic equator where
no regular synoptic data were available. In the interest of simplicity
and portability, a pulse sounder was assembled from a collection of
standard laboratory instruments, This sounder was successfully operated
for a period of nine days. Figure 1 shows the equipment configuration so
used. Fixed-frequency transmissions were conducted between 2.4 and
4.6 Mc/s at scattered intervals as appropriate to the expected layer height
and critical frequency variations, although the sounder configuration itself
was capable of being operated over a much broader frequency spectrum.
A transistorized 'pocket-portable' signal generator featuring a 5-watt
maximum peak pulse power output was used successfully as the RF source
on occasion.
Excerpt
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CAHILL, L. J. , Jr., and J. A. Van Allen. New rocket measurement of
ionospheric currents near the geomagne~ic equator. J. Geophys. Res.
63. 270-273 (1958).

Using a nuclear free-precession total field magnetometer, a sudden
change was observed in the shape of the total intensity v. height curve at
about 97 km. This was best explained in terms of the entry of the rocket
into a region where a current sheet exists.
PA

CALVF~kT 7, W. , and R. Cohen. The interpretation and synthesi$ of certain
sy-i4 F configurations appearing on equatorial ionograms. J.
cý.opys. Res. 66. 3125-3140 (1961).

On ioeorams obtained near the magnetic equator the rectangular
conf~&ratiew called 'equatorial spread F' arises from scattering in the
erthcat $Ame (passing through the ionosonde) normal to thin, magnetic

Field-aftmed Irregularities located at or beneath the base of the F layer
FCohu'i Im Bowles, 1961 J. It Is shown in the present paper that some
srikftt dl~erent spread-F configurations on equatorial ionograms are

due to irregularities of the same kind, but embedded in the F layer. Since
these oher con(4guations result from similar irregularities, the category
of 'equawW-a1.pread F1 is generalized to include them. An 'lonogram'
correspowlng wo scattering from an individual 'equatorial spread F'
irregularity can b't calculated. A composite ionograzit res~ulting from a
nunber of such scatterers can then be synthesized by superposition. By
appropriate distributions of scattering centers In the east-west plane, many
leaturets of the 'equatorial spread-F' configurations observed on Huancayo
ionograzmb mn be simulated. This process of lonogram synthesis constitutes
a new Asehn*ae for the determination of (1) the height of patches of small-
scale iiregubaritles in the F region; (2) the horizontal distance of the
patches; from thie ionosonde in the vertical east-west plane; (3) the thickness
of the patches.; (Q) their east-west extent; and (5) the east-west component
of their drift veissaty. The patches are measured to have an east-west
extent of up to 3" km and a thickness between 10 and 50 km. Their drift
velocity is eastwrci. gradually decreasing from 200 to 100 moters/sea
after 2100' hours local time.
A
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CALVERT, W., K. Davies, and Father J. Koster. Doppler studies of
equatorial flutter fading. IN: Semi-annual Report to Voice of America,
Part B. Africa Ionosphere NBS Rept. 7276, National Bureau of
Standardo. Duulder, Colo. 103-118 (July 1962).

The purpose of this report is to describe some measurements of the
frequency of radio waves received during conditions of equatorial flutter
fading, and to advance a tentative physical explanation of this phenomenon.

At the suggestion of Dr. Davies, Father Koster carried out the
experiment during September and Octobej- 1961 as part of a general study
of radio propagation between Tripoli, Libya (transmitter) and Accra, Ghana
(receiver). The 19. 904 Mc/s transmitted frequcncy was controlled by a
stable oscillator at Tripol.i, and the received frequEncy was compared with
that of a similar oscillator at Accra. In this manner, it was possible to
detect the relatively small doppler shift imposed by the ionosphere and
record it on slow-moving magnetic tape. Upon playing the tape at full
speed (1500 times the recording speed) doppler shifts of a few cycles per
second are transformed into audico frequencies acceptable to standard audio-
frequency spectrum analyzers, Davies, Watts, and Zacharisen (1162) have
discussed this technique in greater detail.

The analysis of the data was performed as a part of a study of equatorial
spread F (Calvert, 1962). It is based on the interpretation that the flutter-
fading signals are propagated by coherent scattering from the thin, magnetic.-
field, aligned irregularities which are ascociated with equatorial spread F
(Cohen and Bowles, 1961).
Excerpt

CALVERT, W. Equatorial spread F. NBS Tech Note 145, National Bureau of
Standards, Boulder, Colo. (1 Aug. 1962). AD-297 341.

blost equatorial spread F may be attributed to coherent scattering by
thin, magnetic-field-aligned irregularities in the ionization of the F layer.
These irregularities occur in patches which move horizontally. The velocity

of the motion may be measured by (1) the simulation of spread F observed
with a single lonsoade, (2) the timing of the occurrence of spread F at
sp,%ced lonosondes, or (3) the measurement of the doppler-shift imposed
on scattered radio waves. The velocities are west-to-east throughout the
night, with magnitudes of 100-200 m/s at sunspot maximum and 50-130 m/s
at sunspot minimum. The instability of the F layer giving rise to the
formation of spread- F irrigularitles could result from (1) upward electro-
magnetic drift of the ionosphere as a whole, (2) thermal contraction of the
neutral atmosphere after sunset, (3) atmospheric gravity waves, or (4)
geomagnetic support of the F layer against gravity.
A
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CALVERT, W., K. Davies, .E. Stiltner, and J. T. Brown. Equatorial spread-
F motions. IN: Proc. of the International Conference on the Ionosphere,
London, July 1962. 316-322 (The Institute of Physics and the Physical
Society, London, 1963).

The velocities of moving patches of equatorial spread-F irregularities
were determined by the following three techniques: (1) examination of the
changing spread-F configurations observed with a single ioDosonde,
(2) measurement of the Doppler shift of radio waves scattered by spread-
F irregularities, and (3) timing of the occurrence of spread-F at spaced
locations. The velocities were foumd to be west-to-east, decreasing in
magnitude with the time of night. At sunspot maximum they range from
80 to 200 m/sec; at sunspot minimum, from 60 to 130 m/see. Spread-F
patches appear to last through the night, travelling from sunset to sunrise.
PA

CALVERT, W., T. E. VanZandt, R. W. Knecht, and G. B. Goe. Evidence for
field-aligned ionization irregularities between 400 and 1000 km above
the earth's surface. IN: Proc. of the International Conference on the
Ionosphere, London, July 1962, 324-329 (The Institute of Physics and
the Physical Society, London, 1963).

Two recent soundings of the topside of the ionosphere with rocket-borne
sounders launcheal from Wallops Island have confirmed the existence of
fleld-aligned ducts. On one flight, flown during spread-F, 50 ducts were
encountered in the altitude range from 400 km to 1000 km. The median
chord cut across these ducts was 1. 4 kin, and the separation between them
was I km to 30 km.

The observations indicated that the atmospheric temperatures in the
F region were 1150 * 50"K around 1900 L. T. (24th June 1961) and 850 * 301K
around 2400 L. T. (13th October 1961).
A

CALVER1T, W. Instability of the equatorWal F layer after sunset. J. Geophys.IRes. §j, 2591-2593 (1963).

It is shown that the downward wind caused by the cooling of the upper
atmosphere after sunset could give rice to the irregularities in the
equatorial F region observed at that time. The observed cooling appears
to pr'vide the same degree of instability as tWtt provided by electric fields
on Martyns thoory.
A
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CALVERT, W., and C. W. Schmid. Topside spread F. Paper presented to
Comnissions MI and IV, URSI, Fall Meeting, Seattle, Washington,
10 Dec. 1963.

lonograms recorded by the Alouette topside sounder satellite exhibit
a variety of spread-F echo configurations. The observed echoes are found
to be consistent with three qualitative radio-propagation models involving
aspect-sensitive scattering by thin, magnetic-field-aligned irregularities,
ducting along broad irregularities, and refraction within large-scale
reductions of electron density. A large number of Alouette lonograms
were examined for the spread-F configurations to determine their frequency
of occurrence. Spread-F appeared on 54 percent of the topside ionograms,
with the three types exhibiting markedly different patterns of occurrence
In geomagnetic latitude and local time.
A

CARMAN, E. H., B. C. Gibson-Wilde, and R. J. Conway. Anomalous VHF
trans-equatorial ionospheric propagation recorded at Townsville.
Austral. J. Phys. 16, 171-17C (1963).

Since Ferrell (1951) first reported anomalous VHF propagation in
equatorial regions, a number of workers have observed the phenomenon
during the early afternoon and evening hours, especially the latter. Back-
scatter experiments in the neighbourhood of the Virgin Islands were carried
out by Villard, Stein, and Yeh (1957) employing fixed-frequency radar
sounders located at St. Croix and by.Duefo (1960) from Mayag/ez. Villard,
Stein, and Yeh observed backscatter signals, at frequencies up to 46.2 Me/s,
corresponding to slant ranges up to 8000 km between 1500 and 2100 hr local
time. These results were attributed to successive reflections from a tilted
F layer without intermediate ground reflections (uF propagation). Dueso
investigated the long-range trans-equatorial (LRTE) echoe6 at frequencies
up to 49. 68 Me/s over a two-year period. He found a marked seasonal
variation in the occurrence, the maxima occurring during the equinoctial
periods. Low angle of arrival of(e signals was deduced.
A
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CASAVERDE, M. Introduction to geomagnetism: The equatorial electrojet.
Am. J. Phys. 29, 744-753 (1961).

The fundamentals of the measurement of the earth's magnetic field are
described. Its general form is approximated to the field of a theoretical
dipole magnet. The solar daily type (S) of transient variation in the
geomagnetic field depends on the solar activily, the seasons, geographical
latitude, and local time. At Huancayo Magnetic Observatory the abnormally
high daily variation of the horizontal compeoert of the field at the magnetic
equator was discovered; it is confined to a narrow belt around the magnetic
eqiator due to an induced effect of the equatorial electrojet. This equatorial
electrojet is an eastward flowing cnrrent in the atmosphere at about 100 km
altitude, some 660 km wide, with a measured maximum current density as
high as 140 a-p/kni of width, for a given time. The theory of the origin
of the electrojet, developing from an increase in atmospheric conductivity
at the equator and w'nds at high latitudes, is described. Finally, the
quiet-day solar daily variation in the vertical compoaent of the reomagnetic
field in the magnetic equatorial region in Peru is presented tentatively as
a combined effect of the normal upper atmospheric current flow and the
electrojet. A bibliography is included.
PA

CASAVERDE, M., A. Gieseýke, and R. Cohen. Effects of the nuclear
explosion over Johnston Island observed in Peru on July 9, 1962.
J. Geophys. Res. 68, 2603-2611, (1963).

Au account is giverk of observations in Peru associated with the nuclev-
explosion over Johnston Island on July 9. 1962. The observations discussed
are principally those of magnetic and micropulsatioa activity resulting from
the e. 1. f. and hydromagnetic waves accompanying the explosion.
EEA

CASSELMAN, C. J., D. P. Heritage, and M. L. Tibbals. VLFMropa!Lion
measa ments for the Radux-Omean&v•gfon system. P*oc. IRE
4?, 829-839 (1149).

This paper describes special VLF propagation measurements in
connection with a feasibility study of a long range navigation system.
Rotan-trip single-frequency measurement of Dhasb stability wat made
between Hawaii and San Diego on frequepciea from 10. 2 kc to 18. P lu in 1 kc
increments. During Jan. 15 to 23, 1958, the stundard devi&ton of phase
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stability en 12.2 kc was 4 pasec damytime and 5 gsec night timei. One-way
two frequency transmissions were monitored in San Diego and Washington,
D. C. , to determine the phase stability of a 1 kc difference frequency' for
pairs -A frequencies from 10. 2 koto 18. 2 1. Data, analyzed at time of
submission of thisj paper (10. 2-16. 2 kc) indicate limitations of the two-
frequency system for la'ie identil1catlon (resolution of cyclic ambiguities
corresponding to one period of the carrier frequency). The techniques used
t,) instrument these tests are considered somewhat unique. Data reported
herein are genaeral and applicable to any propagation study. The data
tieing collected are lending to a better understanding of the m~echanism
of VLF propagation.
N

CCI.R. Atmospheric rAdio noise over tropipal land masses. Indian report,
Comite Consultatif Inte rnationale do Radio Communication. Dow. 162-;E,
Xth Plenary Assev'bly, Geneva, 1963.

No abstract available.

CCIR. Sp lcial problems of V.? radio comnmunicatiton associated with the
aquatorial ionosphere. IN: D~ocuments of the Xth Plenary Assembly.
IntcrnatioWa Radio Co~nsultative Conunitt ,I.353 (International
Telecommunication Union, Geneva. 1063).

CONSIDERING
that HF radiocomnwnications for paths which cross or follow close to the
unuguetic equktor are known 0~ experience certain t1ifficulties associated
wit~i the equatorial ionosphere;,

U~NANIMOUSLY DECIDES that WtL following question should be studied:
1. what are the phenomena. peculiar to Ionospheric propagation at or near

the magnetic equator;
2. wbit &re the effects of the#6 ph nomena, on radiocommunication as a

cOwns of elnissbton,
-anterna characteristics,
I- rQueny

"-geographical location,. orientaton and lengjth of propagation path,
U~me of day, moth a&W pbase of solar cycle-,

39 v~i~l are the physical me-chanisms involvedl?
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CCIR. Propagation curves for VHF/UHF broadc.sting in the African continent.

Report 24. IN: Documents of the Xfh Plenary Assembly, International
Radio Consultative Committee II (International Telecommunication
Union, Geneva, 1963).

1. Introduction
It is now well known, that radio field-strengths depend upon climatic

conditions. The C. C. I. R curves (Rcommendation 370) refer primarily
to temperate continental climates and will therefore only apply in limited
regions of the African continent. Although data for other types of climate
are somewhat sparse, it is possible to give an estimate of the modifications
to the above C. C. i. R curves required to make them applicable, at least
approximately, to other parts of Africa.
2. African climates

For convenience Africa, has been divided into regions, as shown in
Fig. 1, each of which corresponds to a fairly well defined type of climate.
The classification is as follows:

1. Temperate (Mediterranean)
2. Desert (Saharan)
3. Sub-tropical (continental)
4. Sub-tropical (maritime)
5. Equatorial
6. Temperate (continental)
It should be noted that these divisions are somewhat arbitrary and that

the classification of radio climates is not necessarily the vame as that of
meteorological climates even though the terminology is comparable.
Furthermore, it &.; clkar that the boundaries between the various regions
will be ill-defioed; and guidance on the estimation of propagation conditions
for paths near to a %#A u,.sy •,a.a* Atre tir one caimatic region,

can be obtained frmed Report 233. A precise definition of these climates
depends or an sk~ :ge of available d".'• In the preparation of propagation
curves, sofle randorn path-t,--path differences have undoubtedly been
ascribed to chz;_L, Jsferences. Each set of curves is, however, the besg -

estimate available at prqeent.
3. Presentation of curves

Figs. 2 to 37 present curves of field strength as a function of distance
for the VHF/UHF broadcasting bands, and give for 50% of receiving

locations the field strength exceeded for at least 50%, 10% and 1% of the
tiztt'w The curves have been drawn for a power of I kW ra~zted from a

half-wave dipole. In using these curves for practical pi•..ntrng, the general

considerations contained in Annexes I and II to Recommendation 370 and In

Report 233 may be covaldered applicble.
When a transmission path crosses one of the climatic boundaries, inter-

"polation may be made erween *he i.urves corresponding to the two regions
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proportionally (in db) according to the fractions of the path contained in
each of the regions.

With respect to the VHF bands (450-1000 Mc/s), the experimental data
contained in Doc. V/45 (France) of Geneva 1962, and the curves of Doc. 231
(France) of Geneva 1963, were normalized and extrapolated by theoreticl
methods, taking into account information about meteorological conditions in
Africa.

The curves corresponding to the THF band (Figs. 20-37) have been
drawn for a frequency close to 700 Mc/s, considered representative of the
whole of the band 450-1000 Mc/s, since the available experimental results
are insufficient to justify separate predicions for diiferent frequencies in
the band.

With respect to the VHF band (40-250 Me/a), expe=anentvl data for
Africa are even less numerous. Measurements have been made by the
French Administration at a frequency close to 100 Mc/s, but only along
the west coast of Africa between approximately the 10th and 22nd parallels.
The estimates for the VHF band were deduced from radiometeorological
considerations and comparisons with data from other regions of the world.

It must be especially emphasized as regards curves for the VHF band
(Fig. 2-19) that they apply only to propagation by tropospheric mechanisms.
Particularly in equatorial regions, propagation by way of the ionosphere is
important at the lower frequencies in the VHF band. It is therefore likely
that higher field strengths will occur at long ranges, more often at frequen-
cies below about 60 Mc/s than is indicated by the curves in this Report; and
this factor must be borne in mind in planning broadcasting for such frequen- t
cies.
Excerpt

CCIR. Sound Broadcastin1 "%elevis!on. Xth Plenary Assembly. International
Radio Consultative Committee, V (International Telecommunication
Union, Geneva, 1963).

This volume contains information on:
P. 45 E. 3 Tropical Broadcasting Recommendation 48 (Question 102 (XIT)3,
"Choice of Frequency to Avoid Interference in Bands Shared with Tropical
Broadcasting:"
P. 45 E. 3 Recommendation 49 (Question 102 (XII) . "Choice of Site of
Stations and Type of Antenna to Avoid Interference in the Bands Shared j
with Tropical Broadcasting."
P. 46 Recommendation 139 [Questiorn 70, 0 li ."Design of Transmitting
Antennae for Tropical Broadcasting'
P. 4? Recommendation 140 [Question 70, 1 3 1" Design of Receiving
Antennae for Tropical Bro&actinO'
P. 47 Recommendation 214 (Question 102 (XI) ., "Limitation of Power
of Transmitters in the Tropical Zone to Avoid Interference in the Bands
Shared with Tropical Broadcasting."
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P. 48 Recommendation 215 [Questions 27 and 102 (XUI)1 Study Program
112 OWI, Recom~mendation 214V"Maximum Power for Short Distance High-
Frequency Broadcasting in the Tropical Zone."1
P. 50 Recommendation 216 [Question 102 (XMII) 1"Minimum Permissible
Protection Ratio to Avoid Interference in the Bands Shared wvith Tropical
Broadcasting:'
P. 123 Report 301 f Question 156 (M]I)J "Design of Transmitting Antenna
for Tropical Broadcasting~'
P. 145 Peport 303 (Question 155 (XU),"Determination of Noise Level
for F ropical Broadcasting,"
P. 149 Report 304 [Question 157 0MII), "Fading Allowances for Tropical
Broadcasting:'
P. 152 Report 305,,"Best Method for Calculating the Field-Strength
Produced by a Tropical Broadcasting Transmitter,"
PP. 233-243 Questions and Study Programmes Assigned to Study Group
XII (Tropical Broadcasting): Opinions and Resolutions of Interest to this
study group.

This section defines future work.
C

CHADWICK. W. B. Variations in frEquency of occurrence of bporadic E.
IN: Smith, E. K., and S. Matshushita, ed. Ionospheric Sporadic E,
182-193 (Pergainon Press, Inc. , New Yvrk, 1962).

The question of the depondence of sporadic E on the sunspot cycle has
been largely unresolved, with many investigators obtaining conflicting
answers. In this chapter results are given covering daily-hourly values
of ffi for eleven years at three ionosphere-sounding stations, College,
Washington, and Huancayo, chosen as representative of the three main
sparadwc-E tomie. These stations experienced a mainimum of equipment
changes 2nd changes .I location during this purled. Scaling procedures
were monitored over the eleven years by a data quality-control group at the
National Bureau of standards. The period included the highest yearly
average sunspt* number for over 200 years.

Correlation coefficients for yearly count of 1K5 >5 me/& vs yearly
average sunspot numbetr were found to be.- College, -048 (datime, only,
-0463); Wahhooftc, -0452 (Right only, -0452); Huawayo, -0K42 (might
only , -046). VsAroce hourly and amonhly correlations were obtained. Of
the IS0 correlation coefficents listed In the paper, 144 are negative.
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An Incidental outcome. is the confirming of diurnal and seasonal trends
at stations in the auroral, north temperate and equatorial zones, making
use of many more data than hitherto available.
J. Res. NBS

CHAKRABARTY, S. K. Geomagnetic time variations and their relations to
ionospheric conditions. Current ScL. India 15, 246-247 (1946).

Comparison of magnetic records at different observatories (San Juan,
Alibag, Huancayo) show that the quiet day solar diurnal variations Sq at
low but equal geographical latItudes differ widely in Intensity and in type.
They indicate a geomagnetic control rather than a dependence on
geographical latitude. The possible connection of this fact with the
dependence of maximum noon ionization of the F2 layer on the geomagnetic
latituadeisnDoted. It UL apggested that this layer may be the seat of the ;ý
current system.
PA

CHAKRAVARTI, S. P. , P. B. Ohosh, and H. Ohosh. AtMosphrics In radio
broadcast recestion at Calcutta. Proc. MRE 27, 780-783 (1939).

This paper relates to investigations extending from January to August,
1938, (inolucalng winter, summer, and rainy seasons) on atmospheric
disturbance in medium, and short-wave bands (0. 6 to 6 megacycles)
prevalent in the eastern part of India., A suggestion has bee made for
broadcast transmission standards to be adopWe in India on the basis of
atraospberic field-strength measurements. Iffiective service areas of
1. 5 kilowatts, 370 meters and 5 kilowatts, 236 meters, medlum-wave
broadcast transmissions have been estimated on the standards suggested.
A
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CHAMBERS, C. Pn the lnil-solu variations of magnetic declination and
horizontal 'force at Pombay, and of fteclination at Trevandrum. Phil.
?Zans. A 178, 1-43 (1887).

In the early attemipts to investigate the influence of the moon upon
tt-rrestrtal magnetism, the observations dealt with extesided over periods
so limited that little was possible beyond determining the average charac-
tcr of the lunar dirunal variation. This was mainly because magnetic
disturbance tends - and especially in extra-tropical regions - to m'ask
the minute variations that depend upon the radbn. The series of observa-
tions madc at the Cpoiba Observatory, Bombay, and discussed in the
present paper, extending over twenty-five years in the case of the
declination and over twenty-six and a half years in the case of the
horizontal force, possesses therefore the double advantage of being
lengthy enough to secure an approximate elimination of such disturbance
as is involved in it, even by combination of portions only of the whole
body of observations.
A

CHAN, K. L. Study of sboErt prod variations In the ionosph ymaso

instantaneous frequency measure~ments. Tech. Rept. 66, Electronics
Laboratory. Stanford University, Stanford, Calif. (1962).

For over a year in 1960 and 1961, stable-frequency transmissions
from Puerto Rico (18 McI.) and WWV (20 Me/&) were simultaneously and
continuously recorded at StaWord University, Stanford, California, and
at the University of Washington. Seattle, Washington.

Frequency fluctuations of these signals , Much larger than the inherent
frequency fluctuations of the transmting and receiving systems, are
Identified and categorized Into four main types: (1) those due to the
diurnal variation of the Ionosphere, (2) those correlatod with the rapid
variations of the geonwgnetic field (3) those induced by solar flares. and
(4) those due to trav-eling ionospheric disturances.

During pa rinds of sudden commencements and the main phase of
geomagnetic storms, and eotnagnet~c ukiropulsationc, short-period
(1/20 Lo 5 min) frequency fluatuations ane found to be correlated with
geomagnetIc-fIeld variations, to a much fiver time resolution than has
ever been reported before. Furthermore, frequency fluctuations occurring
on different transmission paths, seprated by seversl hundred kilometers,
are also well correlated.
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Sudden frequency deviations (SFD's) induced by solar flares are
studied in detail. The model adopted for analyzing SFD's and related
theories on absorption, recombination and the shapes of SFDts are
briefly described. The percentage of solar flares accompanied by SFD's
is a function of the size (or class) of the solar flare and the solar zenith
angle (or local time) but does not show dependence on the season of the
year or the heliographic location of the solar flares. SFD's are found to
be associated with centimeter-wave impulsive bursts, meter-wave fast-
drift bursts, and solar-flare, high-energy X-ray bursts. They are clearly
distinguished from other flare-associated ionospheric effects on radio
waves.

Traveling ionospheric disturbances were identified by noting similar
frequency fluctuations on four spaced transmission paths occurring with the
appropriate time delays and in the appropriate order. Traveling iono-
spheric disturbances, this detected, are rare (9 cases in 1600 hours of
data during 7 months), of large scale (spatial length from 1300 to more
than 2000 km), and of high speed (velocities from 1450 to about 2750 km/hr).
It is suggested that these disturbances may have been launched by the same
event giving rise to sudden changes in the geomagnetic field.

This technique of instantaneous frequency measurement proves to be a
very useful tool for ionoapheric research and my become a welcome
addition as a standard operation in an Ionosphere sataton.
"Excerpt

"CHAN, K. L., and 0. G. Willard, Jr. Observation of laM scale traveling
ionospheric disturbances by Mged-path hgh,-frequency instantaneous
frequency measurements. J. (eophys. Res. 67, 973-988 (19M).

The instantneous frequency of WWV 20 Me/s (Washington, D. C.) and
that of a highly stable c-w signal at 18 Mo/s from Puerto Rico hae been
simultaneously and continuously record•d between October 1960 anW
September 1961 both a Stanford, CaUforuia, and at Seattle, Wasb•i.bon.
Traveling Ionospheric disturbances have ben identL'ied by noting similar
frequency fluctuations on the four transmission paths that have appropriate
time delays and are in the appropriate order. Bocause of the wide separs-
tion of the paths, only largp scle disturbances moving at high speed could
be detected. From 1600 hours of data (usually from 1600 to 0200 UT)
between October 1960 and April 191, nino traveli disturbanse have
been positively recopised. Velocities and ap lengths are deduced
in six of them assuming that these disturbances travel at Pý constant speed.
Velocities rosn from 1480 to approximAtly 270 km/br, and sPia lengths
from 1300 to more than 2000 km. The direction of travel c&amno be deter-
mined accurately, but for all it is front north to south. On four onoaslons
sudden frequency changes., correlated with sudden changes in the .A•h's
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magnetic field, preceded the appearance of large-scale traveling dis-
turbances. It is suggested that these disturbances may have been launched
by the same event that gave rise to the sudden change in the earth's
magnetic field.
A

CHANDRA, S., J. J. Gibbons, and E. R. Schmerling. Vertical transport
of electrons in the F region of the ionosphere. J. Geophys. Res. 65,
1159-1175 (1960).

From the equation of continuity for free electrons, an expression is
developed for the veritical transport velocity which can be evaluated,
subject to some limitations from electron-density-height profiles. A few
numerical computations of the veritical drift velocities determined for the
four IGY stations Huancayo and Talara, Peru; Panama, Canal Zone;
and Washington, D. C. , are presented. It is shown that the velocity is
predominantly downward during the night and upward during the day at the
equatorial stations. There is an apparent phase reversal from summer
to winter at Washington. The order of magnitude of the apparent phase
reversal from summer to winter at Washington. The order of magnitude
of the vertical-velocity amplitude is 25 m/sec. There is substantial
agreement between the values calculated here from ionopheric data and
those deduced from Sq data on the dynamo theory.
A

CHANDRA, S. Plasma diffu.sion in the ionosphere. J. Atmos. Terrest. Phys.
26, 113-122 (Jan. 1964).

Equations of motion appropriate to the conditions existing In the
ionosphere are discussed with a view to examining the condition for ambi-
polar diffusion (0e ) it is shown thit fhr quasi-equilibrium and
isothermal conditions, the required condition for ambipolar diffuion
Is given by curl V x . It i, further uown that the assumption of
ambipolar diffusion along the field lines leads to the trivial situation
of hydrostatic distributions of electron density Independent of latitude.
These results are not in agreement with the gcncral accepted view that
diffusion of the plasma along the direction of the magnetic field can
account for many geophysical phenomena in the ionosphere. This dis-
agreement is attributed to the fact that the assumption of flkld-aligned
plasma diffusion puts a constraint on grad ne which has not been taken into
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account by the. previous workers. It is pointed out that the solutions of
e and i in terms of the particle densities and temperatures are not

possible without the knowledge of t)he electric field. The theoretical
determination of the latter appears to be extremely complicated and it
seems desirable to measure It experimentally.
PA

CHANDRASHEKUAR AIYA, S. V. Measurement of atmospheric noise inter-
ference to broadcastinz. J. Atmos. Terrest. Phys. .5J 230-242 (1954).

This paper gives a general survey of the problem of atmospheric noise
measurement and establishes, by a subjective method, a criterion for
assessing the annaoyance value of the noise to broadcast reception. There
follows the development of an objective method of measurement. and a
comparison Is made between these measurements and the subjective
observations, etc.

Ton Impulses per minute are estimated to &rve an annoyarce value to
the listener of broadcast programmes. Noise is classified into three
types: (a) type A noise giving the Impression of continuous woise, (b)
type B noise coming as distinct impulses, and (c) type C noise, a specild
form of type B noise arining from, local thunderstorms. The importance
of bringing statistical considerations into the field of assessment of
atmospheric noise Interference is discussed and a procedure for the
collection of data and its assessment for obtaining monthly, values for a
specific service, broadcasting, is described.
A

CI!ANDfRABIIEIUAR AIYA, S. V. and L. R. Phadke. Atmospheric noise
interference to broadcaefti in the 3 Mo/s band at Poona. J. Atmos.
Terrest. ?!W.s. , 254-277 (1955).

Systematic measurements of atmospheric radio noise at 2.9 Mo/s
were taken at Poona (18. 31 N, 73.565 E), during thehbours, 18 to 23 L S.T.
for the whole year 1953 by a method previously described by' one of the
aut-ore. The details of the experimental work and the analysis of the
"results are given in the paper. Noif data an required for broadcast
servm o have been calculated. These new data have been compared with
the estinmate uf nois, as deduced from Circular No. 462 of the U. S.
National Bureau of Standards and with the enleriental result, as reported
in the Radio Research Special Report No. 26, London. Noise levels havt
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been estimated from lightning discharge data on the basis of the known
distribution of thunderstorm activity over the globe and compared with
measured values.
A

CHANDRASHEKHAR AIYA, S. V. Noise power radiated by tropical thunder-
storms. Proc. IRE. 4, 966-974 (1955).

The common types of tropical thunderstorms are described. A
synthesis is made of the available information on the subject. Hence,
the essential peculiarities and electrical parameters of typical lightning
discharges are deduced. These are utilized to explain the radiation that
appears as radio noise. An expression is deduced for the average
electric field due to a stroke in a flash. This is used to evaluate the
power at the source that should correspond to the noise field strength
as measured by the noise meter previously described by the author.
The noise power is found to vary as the inverse square of the frequency
and the expression obtained for the noise power is expected to be valid
in the frequency range of 1-20 mc. The theoreticai results are compared
with values obtained by experiment. There is close igreement between the
two.
A

CHANDRASHEKHAR AIYA, S. V., C. G. Khot, K. R. Phadke0and C. K. Sane.
Tropical thrunderstorms as noise radiators. J. So. Indus. Res.,
14B, 361-376 (1955).

Tropical thunderstorms are characterized mainly by lightning within
clouds. Atmospherics result in the range 1-20 Mo/s. The range 1-10
Mc/s is investigated. Noises are classified according to acoustical effect,
in loudspeaker. The evaluation Is made difficult by the movement of
thunderstorms. Three types of noise phenomena during thunderstorms

are distinguished, depending on time of occurrence and intensity of growth
dnd decay.

Frequency during different seasons is given. Thunderstorms over
the sea seem to originate different noise characteristics.
MOA

CHANDRASHEKHAR AJYA, S. V., Noise radiation from tropical thunderstorms
in the standard broadcast band. Natu.-, 17B, 1249 (1956).

Power in watts produced by a typical flash in a tropical thunderstorm
is 45/f2 where f is frequency in Me. /s (f >X). Below this frequency only
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the stepped leader of discharges to ground radiates any significant power.
On this basis power is 2 82

MGA

CHANDRASHEKHAR ArYA, S. V. Conversion data for atmospheric noise
interference measurements. J. Sci. Indus. Res. 17B, 337-339 (1958).

Atmospheric radio noise, a source of interference to broadcasting, is
measured by an objective noise meter and no1e levels are dedLueed from
such measurements. The noise meter is calibrated using continuous
signals, modulated 30%, by a 400 cycle note. Theoretical calculations
have shown that it is sometimes necessary to convert the noise data thus
obtained to data corresponding to calibrations employing other levels of
modulation. The equation reqildred Zor such conversion has been deduciA.
Conversion data obtained experimentally agree with those deduecd
theoretically.
MGA

CHANDRASHEKHAR AIYA. S. V. Atmoslieric noise interference to short wave
broadcastig. Proc. IRE. 46, 58(0-589 (1958).

In order to determine the different parameters ncoessary for assessing
the interfering effect of atmospheric noi~se to short-wave broadcasting,
a systematic physical analysis is made of how the atmospheric noise
impulse, as heard by the ear, arises and bow it ciuses annoyazoo to the
listener of broadcaht programs. Henrc, criteria are developed both for
measurement and estimation of atmospheric noise. The paper thus
provides the necessary additional physical biwkground for the author's
papers on "Meaurement ot atmotpherlc noix* interfe;*nce to broadnasting"
and "Noise power radiated by tropical thunderstorms" but leaves the final
conclusions and results of the two papers unchanged. Although the pwpi
is thus restricted in scope, it is believed Lt the general principles
emerging from the discussion should be of 'vider application•.
A

CHANDRASHEKHAR AIYA, S. V. Auospheric noise interferewce to medium
wave bru.,dcastine. Proc IRE. 4•6 1512-150V (i'68).

A brief description is givet. of tUe typwcal tropical thbuderolotw aw
the electrical discharges assoiated with it. The dischargo. that contributes
significantly to noise in the medium waiveband is described in greatar d(MtL.
There follows a systematic physical xawlysh of bow the atmospheric noise
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impulse as heard by the ear arises and how it causes annoyance to the
listener of broadcast programs. Hence, criteria are developec both for
the measurement and estimation of atmospheric noise in-the band. The

method of analysis is similar to the one adopted by the author in a previous
communication on atmospheric noise interference to short wave broadcasting.

The results of the investigation are expected to hold over the frequency
range, 0. 23 to 2.5 me.
A

CHANDRASHEKHAR AIYA, S. V. Average power of impulsive atmospheric
radio noise. Froc. IRE 47, 92 (1959).

The object of this letter is to provide an addendum to the papers on
atmospheric noise interference to short and medium wave broadcasting.
Measured and estimated values of noise obtained by following the procedure
described in the papers are directly useful for one service only, viz.,
broadcasting. A method is described here to convert such data into forms
useful for other services also.
A

CHANDRASHMKHAR AIYA, S. V., and C. G. Khot. Atmospheric noise inter-
ference in the standard broadcast band at Poone- J. Sci. Indus. Res.
18B, 54-66 (1959).

A report of some of the investigations carried out at Poona on atmos-
spheric radio noise in the standard broadcast band (0. 635-1. 605 Mc/s) are
presented. Systematic measurements were taken at 0. 62 and 0. 93 Mcis
during the hours 1800-2300 I. S. T., from March 1955 to February 1956, by
a method previously described by one of the authors IJ. atmos. terres.
Phys., Vol. 5, 230 (1954)j. A possible way of noise estimation is described
arid the actual estim;.is compared with measured val.es. In Appendix I
are given the details of the equipment designed and used In the measure-
ments and In Appendb. U a comparison is mnsade of the available estimates
of atmospheric noise with the measured values.
PA

CHANDRASHEKHAR AIYA, S. V. Measurement and description of the charac-
teristics of atmospheric radio noise. J. Scd. Indus. Res. 18B, 44-47

On the basis of the experimea'n•l and theoretical investigations carried
out qy the author and his collaborators u- Poona during the hours of peak
activity of tropical thunderstorms, an attempt is made to find an answer to
the question of the C. C. 1. R., namely, what are the most easily measured
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ctaracý- ri - olr!4'1 tiir, e fr'frn Nid h tht- in tefiArflne((
iife rt.nt t~p 4 xcs corn nsurnicat io;rýv stems can bu determined?

.PA

CHANDRASLIEKHAR AIYA, S. V ., K. R, iPadrnanabhan, K. R. Phadke, and
C. K. Sane. Atmospheric radio noise levels at Poonia iii the 2. 5 - 20. 0
Me/s band. J. Sci. Indus. Res. 18B, 47-55 (10'55,

Noise data in a forn. which includes both the amplitude and time
characteristics of atmospheric radio noise presented. The amplitude
characteristics are given in terms of the r. m. s. noise field strength
corresponding to the average power received per flash. The time charac-
teristics are given in terms of the median, higher decile and lower dec.10
values of the duration of the impulse which arisets from a flash and of the
minimum number of impulses per minute necessary to cause annoyance or
impair intelligibility.
PA

CHANDRASI-EKHAR AIYA, S. V. HF noise radiators in ground flashes of
tropical lightning Proc. IRE. 48, 955-956 (1960).

Previous analyses of this suabject ignore ground flashes because
1) they constitute less than 10 percent of all discharges in the tropics, and
2) the noise power involved at HF is not significantly different from that of
cloud discharges. This letter gives the results of an analysis for sub-
stantiating 2).
A

CHANDRASHEKHAR AIYA, S. V. Structure of atmospheric radio noiae.
J. Sri. Indus. Baq. 21D, 203-220 (1962).

No abstract available.

CHANDRASHEKHAR AIYA, S. V. , and B. S. Sonde. §prin~g thunderstorms over
Bangalore. Proc. IEEE 51, (Nov. 1963).

A study of the flashing characteristics of thunderstorms can provide
useful Information~ of scientific interest and application value if all types of
flashes couid be recorded Nvtth equal satisfaction. Ore 'way of realizing this
requirement is by utilizing the now known experimental result that all types
of flashes are equally effective in ridiating HF noise. This .*per describes
a technique based on this criterion for Investigating the flashl..g character-
istics of thunderstorms and deducing therefrom values ot flash densities
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CHAPMAN, S. The solar and lunar diurnal variations of terrestrial magnetism.
Phil. Trans. A 218, 1-73 (1919).
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CHAPMAN, S., and T, T. Whitehead. The influence of electrically conducting
material within the earth on various phenomena of terrestrial magnetism.
Trans. Cambridge Phil. Soc. 22, 463-482 (11.22).

1. Introduction.
PART L

Mathematical theory of induction in a
spherically symmctrical earth.

2-6. The differential equations, and the appropriate solutions.
7. Induction in a uniform conducting permeable sphert.
8. Induction in a conducting shell enclosing a conducting core separated

from it by a non-conducting shell.
9. Earth currents, or earth potential gradients.

PART II.
Applications to problems of terrestrial magnetism.

10. The influence of the permeability of the core.
11. The influence of the surface layers of ocean or moist earth.
12. The conductivity of the earth as deduced from magnetic storm da,".
13. Eath currents, or earth potential gradients.

CHAPMAN, S. The electric current systems of magnetic storms. Terrest.
Mag. Atmos. Elec. 40, 349-370 (1935).

1. This paper continues my discussion of the average characteristics
of the field of geomagnetic disturbances or storms, given in two previous
papers which will be referred to a 1 and 2; the irregular part of magnetic
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disolirhjce i:6 not eonsik-red. A C ukn~tsvid re~presenution of thsý M~in
aaerags, fuawit-s of magrwtic s5•rmb is given in I 41s. f1-7) And 2 (PP.
i4.-Xi). anu .vidercc is describc-d which supjorts the view that thl tvpl
of the field renmains fairly con..itant throughout a considerable range of
intensity for the field as a whole.

In 2 it is shown that certain electric current-systems in the Earth's
atmosphere could produce a disturbance-field of the observed type (this will
be called the D- or disturbance-field, the letter D is also used in terrestrial
magnetism for the declination but I think no confusion need arise from its
use in this further sense). These current-systems are iLdeed somewhat too
simple, because so far as their high-latitude portions ,'e concerned they
apply less to the actual Earth than to an ideal Earthi fo:' which the magnetic
and geographic axes coincide; but I believe that they constitute a useful
first approximation to the more complicated (atmospheric) current-system
appropriate to the real Earth.
Excerpt

CHAPMAN, S. The Earth's Magnetism (John Wiley and Sons, Inc., New York,
1939).

This Methuen's Monograph presents maps of the field and discusses
variations. The first chapter begins:

THE MAGNETIC ELEMENTS
The presence of a magnetic field near the earth's surface is revealed

most simply by its directive effect on a magnetized needle.
In a compass the needle is weighted so as to swing horizontally. It

takes up a definite direction at each place, usuedly not agreeing with the
geographical or true north; the deviation from t-ue north is called the
compass error, or (by mariners) the variation, or the declination (D); it
may be eastward (and is then reckoned positive) or westward (negative). The
end of the needle which, over most of the earth, points nearly northward,
Is called the north-seeking or positive end; the coml .,ss direction from the

1,' centre to this end is called the magnetic north, and the vertical plane
through this direction is called the local magnetic meridian plane.

A needle perfectly balanced (before magnetization) about a horizontal
axle placed perpendicular to the magnetic meridian, so that it can swing
freely in this plane, is called a dip needle. After magnetization it takes up
a definite In-'"nation I to the hurizonmal; 1. ..&iied also me magnetic dip, Is
reckoned positive if the north-seeking end points downward (as it does
over most of the northern hemisphere).

The intensity of the magnetic force at any point is denoted by F, and
H and V denote its horizontal and vertical components, both reckoned
positive; the downward vertical component is denoted by Z, and has the
same sign as I. The northern and eastern components of H are denoted
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by X and Y, and may be positive or negative. All the quantities D, I, F, H,

V, Z. X. Y are called magnetic elements; they are connected thus:

X= ItcosD. Y H sinD,
tan D = Y/X, H2 = x2+ Y2;

H = Fcosl, Z F sin1,
tan I = Z/H, F2 = H2 + V2 =X 2 + y2+Z2

Toa*specify the field at a point three elements are needed - those commonly

used are H, D, I; H, D, V; or X, Y, Z.

Excerpt

CHAPMAN, S. Notes on the lunar _oomagnetic tide: I. Its mathematical and

graphical representations, and their significance. Terrest. Mag.
Atmos. Elec. 47, 279-294 (1942).

This paper supplements and comments on a recent valuable discussion
of the geomagnetic tide or lunar daily geomagnAic variation L by J. Bartels
and H. F. Johnston; this referred particularly to the geomagnetic tide in

Huancayo horizontal magnetic force, but also extended the existing notation

f,)r L, and illuzated L by mcans of two ncw. typcs of harmonic-dial .•tagram.

The present paper is general in that it does not discuss results for L for

any particular station or element; its chief novel feature is a further mode

of representing L for any element and station, throughout half a lunation or

any greater interval (ignoring seasonal changes), by means cf a surface

or by plane contour-lines representing the surface. The relations between

various aspects of L hitherto considered, by Chambers, Broun, Figee,

Bartels, Johnston, and others, are elucidated with reference to this surface.

A

CHAPMAN, S. The equatorial electrojet as detected from the abnormal electric

current distribution above Huancayo, Peru, and elsewhere. Arch.

Meterol. Geophys. Bioklimatol A 4, 368-390 (1951).

The abnormally large solar day range of ihe quiet day N component

of the horizontal magnetic force at Huancayo, Peru (geomagnetic latitude

- 0. 6) compared with Madras, Javaletc. points to the daily rise and declinc

of an intense narrow eastward electric current there, superposed on the

normal daily variation. It Is also traced at Bombay and Manila. Author

terms this the electrojet and calculates some provisional values for its

iniensiLy ant wAdtn otr alternative heights oi IO0 and 250 km.

MGA
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CHAPMAN, S. The normality of geomagnetic disturbance at Huancayx Geofis.
Pura Appl. 19, 151-158 (1951). (In German.)

Evidence is adduced indicating that geomagnetic disturbance at Huancayo
is normal, that is. comparable with that shown elsewhere in similar latitudes

as contrasted with the remarkable Huancayo abnormality, in the horizontal
magnetic force, of the quiet-day solar and lunar daily variations and in the
Sq augmentation (solar flare effect). The normality of magnetic disturbance
at Huancayo is maniiested by the disturbance daily variation ED, and by the
storm-effect Dst. and its associated changes of daily mean • (Din) and the
non-cyclic variation; it is not stated whether or not the irregular part Di,
is normal. The normality of Dst seems natural according to the Chapman-
Ferraro theory of magnetic storms, but the normality of SD is less easy to
explain.
PA

CHAPMAN, S. Some phenomena of the upper atmosphere. Proc. Phys. Soc.
B 64, 833-834 (1951).

The height distrubution of the atmosphere depends )n the temperature
and the mean molecular weight of the air; recent progress in our knowledge
of these two quantities will be reviewed, the main sources of information
being outlined. The motions (winds and tides) in the upper atmosphere will
similarly be considered.

The main gross uncertainity regarding composition at high levels relates
to the proportion of atomic nitrogen present. Besides the major constituents
such as ozone, sodium and hydroxyl, which reveal thcir pesence by Uheir
absorption or emission spectra; and there are others whose presence can be
inferred from theirs.

The composition of the atmosphere changes by escape from the top
(hydrogen and helium) and, by addition, from below (e. g. helium and carbon
dioxide) and, as shown by the auroral spectrum, from above (hydrogen);
cosmic rays also both add to thq atmosphere and produce changes of
composition by nuclear reactions.

Near the magnetic equator there are important ionosr'-ric phenomena
not yet fully explored and explained. Among these one o, the most interesting
is the abnormal intensification of electric current flow, specially notable
over Huancayo in Peru.
A

CHAPMAN, S. The electro-jets. Proo. Mixed Commission on the Ionosphere,
Canberra, Australia, 24-26 Aug. 1952, 88-91 (1953).

Short note suggesting ways in which the electric currents along H-e auro-
ral zone may be determined, by measuring time rates of change of the
gradients of the magnetic components.
PAS~~~112 •-
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CHAPMAN, S., and K. C. Westfold. A comparison of the annual mean solar
and lunar atmospheric tides in barometric pressuro, as regards their
worldwide distribution of amplitude and phase. J. Atmos. Terrest.
Phys. 8, 1-23 (1956).

The solar and lunar semidiurnal atmospheric "tides" are compared as
regards their worldwide distribution, on the basis of data from sixty-eight
stations. Both these tides decrease with increasing latitude, but not quite
symmetrically relative to the equator; there is some indication that in
northern latitudes the lunar tide decreases rather more rapidly than the
solar. Both tides are abnormally great over east Africa; the solar tide is
also large in India, and the lunar tide in the East Indies. The lunar tide
is large relative to the solar tide along and near the east coast of Asia, and
also in the East Indies; it is small rclative to the solar tide over India and
western North America. The phase difference between the solar and lunar
tides is specially large along and near the east Asiatic coast.
A

CHATTERJEE, B. Effect of magnetic field in oblique propagation over
equatorial region. Indian J. Phys. 26, 297-312 (1952).

Computes curves of the propagation factor q versus the quantity x
for oblique propagation in a magnetic field, under the simplifying assumption
of transmission across the equatorial regions. Here x is 81 N/f 2 . the
electron density to squared frequency index. Lateral deviation is discussed,
and computed for the special cases of Calcutta-Bandoeng, and Calcutta-
Bombay.
M

CHATTERJEE, B. Studies on ionospheric absorption. Indian J. Phys. 26,

This paper discusses briefly the phenomenon of ionospheric absorption
of radio waves in their passage through the ionospheric regions. Results

of observations made at Calcutta on the variation of ionospheric absorption

with that of wave frequency are described. The results show that in addition
to the losses due to collisions there is a marked increase in attenuation
near the critical frequencies of the layerr due to partial penetration of the
wave energy. Presence of sporadic E !ayers also causes Increased
attenuation of F echoes by partial refl/6tion and scattering. When there
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is magneto-ionic splitting, the extraordinary component is always found
to suffer higher attenuation as predicted by theory. On certain nights
presence of sporadic D's was noticed. This caused high absorption on
all frequencies in the short wave range. The sporadic D's are fo'jnd to be
assoniated with sporadic E and thunderstorms.
A

CHATTERJEE, D. Nature and origir, of sporadic E regions as observed at
different hours (over Calcutta). J. Atmos. Terrest. Phys. 3, 229-238
(1953).

Tne paper describes the results of measurement on the vMriation of
reflection co-efficient of the sporadic E echoes and of the statistical study
of the variations of amplitude of the same, carried out, over a period of
8 months (March to October, 1952) at the Ionosphere Laboratory of the
University of Calcutta. It has been possible from these measurements and
studies to discriminate between two types of Es ionizations - thin layer
type and ion cloud or blob type - causing the echoes. It was found that there
is predominance of different types of ionizations at different hours of day
and night. Thus in 7i8.6% of the cases observed in the early morning hours,
the Es ionization was of the cloud or blob type of structure. It is suggested
that this type owes its origin to ionization by sporadic meteors which are
most frequent in the early morning. During the period of sunrise in the E
layer, thin layer type of ionization i ere found in 83.7% of the cases. Such
ionization is probably caused by the production of a sharp ionization density
gradient at the bottom of the E layer, due to photo-detachment of electrons
from negative ions of 0 and 02 by sun's rays coming from below the horizon.
The most common type of E. ionization in the afternoon and evening hours
was found to be a mixture of the thin layer and ion cloud types. These owe
their origin to travelling ion clouds coming from above. Observations also
showed that E. ionization (of the mixed type, with a slight preponderance
of the thin layer type) was associated with thunderstorms. Blanketing types
of E. are also observed during thunderstorms. Occasionally, some thin
layer types of ionizations were also observed In the morning, a few hours
after sunrise. The origin of theic ionazations seems to be due to some
modifications of the E layer structure.
A

CHATTERJEE, B. Some regularities of the ionospheric F region. J. Geophys.
Res. 58, 353-362 (1953).

It has been shown recently by Ratcliffe that, although the behaviour of
the critical frequency (and hence the maximum ionization density) of the
F2 region is very irregular, that of its total ion content (in a column of
unit cross-section) is much less Ro. However, the regularities observed
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by Ratcliffe are confined only to a few stations and disappear when the Fl-
F2 bifurcation is iarge. It is shown in the present paper that if, instead of
the total ion content of the F2 region, that of the F2 cum F2 region (nT) is
considered as a whole, then the regularities become much more marked.
Further, the regularities are found to persist for all the three stations
considered - Slough Inorthern hemisphere), F'alkland Islands (southern
hemisphere), and Singapore (equatorial region) - even when the bifurcation
is large. Certain peaks, however, are found to occur on the otherwise
smooth variatikns of the monthly mean values of nT. These are explained as
due to tidal effects. The paper also shows that the observed regularities
of the composite F region are in conformity with the recent hypothesis
that F1 and F2 belong really to one ionized region, being produced by a
common ionizing radiation from the sun.
A

CHATTERJEE, B. Ionization distribution in the F-region. Indian J. Phys. 28,
53-66 (1954).

Computes F-region ionization distribution assuming scale height in-
creases with height and recombination coefficient decreases with height.
Finds ionization distribution curves including tidal-drift effects agree with
observation. Thinks F1 and F2 are produced by common ionizing source.
M

CHATTERJEE, B. Regularities in the F-region of the ionosphere. Nature 173,
263-264 (1954).

Ratcliffe has shown that the total F2-layer ionization content varies
more regularly with solar zenith angle Ihan does the maximum density.
Chatterjee finds that even greater regularity results from using the total
ionization content of F1 and F2 ;:ombined. The Implication is made that F1
and F2 have a common ionizing source. The variation with latitude of the
monthly mean noon value of total ionization content does not show the
equatorial dip characteristic of the maximum density; the peak of the total

ionization content curve is found at zero geomagnetic, rather than geographic,

latitude.
M

CHATTERJEE, B. Some comments on "The solar contro'41f the E and Fl layers
at high latitudes." J. Geophys. Res. 59, 435 (1954).

Says that Calcutta E-layer critical frequency data taken on the manual
recorder are contaminated with EB.
M
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CHATTERJEE, B. A discussion on the variation of F-rin iicigh. J.
Geophys. Res. 60, 325-327 (1955).

Variations of F2-region height with season and solar activity have beent
explained in terms of the author's picture of ionization distribution in the.
F region. Different types of behaviours of F2-region height at different
latitudes are accounted for with the presently accepted model of tempera'ure
distribution in the upper atmosphere.
A

CHERNOSKY, E. J., and E. Maple. Geomagnetism. IN- UAAF Geophysics
Directorate. ed. Handbook of Geophysics, 10-11 (Macmillan Co.,
Ne% York, 1961).

The charts of the magnetic field and its components from which
Figures 10-9 through 10-14 were taken represent the best present know-
ledge of the "main field" (or the "permanent" magnetic field) over the
surface of the earth. These charts are published every five years. They
are derived from per'odic determinations of the absolute values of the
field and its components at the permanent magnetic observalories (less
than one hundred) located rather irregularly over the earth and from
supplementary observations, made by field parties at intervals of a few
years, to cover the areas away from the magnetic observatories. The
slow change with the years of the main field (the "secular -hange") which
amounts at most to about one-tenth of one percent per year of the total
field, is also indicated on the charts which are prepared by the U. S.
Navy-Hydrographic Office from geomagnetic data supplied by the U. S.
Coast and Geodetic Survey.

The accuracy of the present charts depends upon how well the various
portions of the earth are covered by the magnetic surveys. In some areas,
such as the United States, they are probably accurate to about one per cent,
(declination accurate to about 1/2 degree) but in less accessible areas
the error may be considerably larger, particularly at high latitudes. Also,
small surface anomalies of about 100 mil-s extent or less are not indicated
on the chaits and may, in some cases, amount to a few per cent of the
total field.

The measurements of the main field which are used in the charts are
made in such a way as to eliminate, as far as possible, the effects of time
variations of field (discussed in Section 2) which arise outside the earth.

Recently, airborne magnetometers (of the "flux-gate" or "second-
harmonic" typp) which are capable of rapid and p- ,cise surveys of the
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earth's field and its components have been put into use. Proton precession
magnetometers, which measure F only, are also used.

Th. r3sults of extensive aerial surveys, together with improved
methods of analyzing the data, would make possible rr.nre accurate, detailed,
and up-to-date magnetic charts.
Excerpt

AI
CHILTON, C. J., A. H. Diede, and S. M. Radicella. Transequatorial reception

of a very-low-frequency transmission. J. Geophys. Res. 69, 1319-1328
(1 April 1964).

A comparison is made between the phase and amplitude of the 18-kc/s
signal NBA (Balboa, Panama) recorded at Boulder, Colorado, in the
northern hemisphere and Tucumn, Argentina, in the southern hemisphere.
Although these two propagation paths are essentially the same length, the
difference between thera in the diurnal change in phase height is approxi-
mately 5 km, and the estimated field strength appears to be significantiy
lower at Tueur&( than at Boulder. It is suggested that the cause of these
observed differences is the latitudinal variation in ionization due 0 cosmic
rays.

CLEMESHA, B. R. and R. W. H. Wright. Scattering ot radio waves in the
ionosphere. Tech. Note 2, Ghana Universet, Africa (6 Janm 1963).

A theoretical study of the scattering of medium frequency radio waves
in the lower Ionosphere, demonstrating do.• the maximum iu scattering
observed in the region of 70 Km does not require the postulation of a
maximum in electron density or intensity of irregularities at that height.
STAR

CLEMESHA, B. R. A roMliw arial back-scatter ouMder. Tech. Note 4,
Ghana University, Africa (10, Aug. 1962).

Description of a back-ecatter sounder duiped for the tvestigatiom of
(rregularities asacelated with equatorial spread F.
STAR
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CLEMESHA, B. R., G. S. Kent, J. R. Koster, and R. W. H. Wright.
Equatorial study of irregularities in the ionosphere. Summary Rept. 2,
Oct. 1961 - Dec. 1962, Ghana University, Africa (1 March 1963).
AD-410 983.

A. number of experiments which were designed to investigate F region
irregularities by means of the back-scatter te,.hnique are described. The
experimental techniques are described briefly, and the results given in
detail. The results show the seasonal and nocturnal variations in the
occurrenc,- of irregularities which scatter 18 Mc/s. signals, the size and
drift velocity of patches of irregularities, the height at which the irregu-
larities occur. and the motion of the irregularities, as opposed to the
motion of the patch. The results are discussed in the light of information
obtained by other workers using different techniques.
DDC

"CLEMESHA, B. R. The elongation of irregularities in the equatorial ionosphere.
J. Geophys. Res. 68, 2363-2366 (1 May 1963).

A correlation analysis of spaced aerial fading measurements for
medium-frequency radio waves scattered from the D and E regions at
a location near the magnetic equator is reported. The results show that
there is a slight tendency towards field-aligned elongation of the diffraction
pattern on the ground for echoes from 80 and 90 km and considerable
elongation for echoes from above 90 km. It Is shown that ambipolar
diffusion processes would become anisotropic at this height, which could
lead to the elongation of the irregularities in the ionosphere responsible forx
the diffraction pattern on .he ground.
A

CLEMESHA, B. R. Back-scatter of radio waves from the equatorial F region.
Nature 199. 797-798 (24 Aug. 196 .'

Investigation of the irregul,, rities giving rise to equatorial-type spread-
F, using a backscatter radkr operating on a frequency of 18 Me. Echoes
are recorded which could not have been caused by the mechanism of
Ionospheric reflect-on and ground scattering. The range spread of the
echoes indicates that the irregularities occur In patches with east-west
dimensions of approximately 100 km. Briefly compared are the occurrence
of direct backscatter at 18 Me and the presence of equatorial-type spread-
F on ionograms. It is suggested that the irregularithus responsible for
direct backscatter are similar to those which cause the flutter fading and
Doppler shift of obliquely propagated signals.
MAA
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CLEMESHA, B. R. An investigation of the irregularities in the F-region
assreiated with equatorial type spread-F. J. Atmos. Terrest. Phys.
26, 91-112 (1964).

The results are given of an investigation of spread-F ir;&idzritiet,
using a backscatter radar operating on a frequency of 18 Mc/s. The
irregularities are shown to occur in patches which extend over distances
of up to 400 km in the E-W vertical plane. Seasonal and nocturnal variations
in the occurrence of irregularities are given, and it is shown that variations
in their height closely follow variations in the height of the F-layer. The
drift velocity of patches of irregularities is shown to be of the order of
100 m/sec towards the east. The results of Doppler shift measurements
are interpreted as indicating that the irregularities sometimes exhibit
large vertical velocities. It is shown that the irregularities are anisometric
in the E-W vertical plane, and appear to have a maximum scattering cross-
section in the direction perpendicular to their direction of motion.
A

COHEN, R., and K. L. Bowles. On the nature of equatorial spread F.
J. Geophys. Res. 66, 1081-1106 (1961).

Ionospheric propagation via scattering from the F region was sought
at 50 tac/s over a transequatorial path (with midpoint near Huancayo, Peru)
employing a 2580-km transmitter-receiver separation. Propagation via
F scatter was present over this path about 10 percent of the time, though
only at night. A condition closely related to the occurrence of F scatter
was the presence of equatorial spread--F conflguratiobs on the Huancayo
ionograms. The height of the propagation medium supporting this F
scatter was usually identifiable with the lowest height of the associated
equatorial spread F on the ionograms. On the basic of an interpretation of
experimental results, equatorial spread F is shown to arise from
scattering by relatively thin sheets of irregularities in electron density
which occur at the bottom of the F layer or as much as 100 km lower.
The thickness of these patches Is estimated at the order of 50 km. The
..attering irregularities comprising these patches are found to be elongated

along the earth's magnetic lines of force. Electron irregularities of scale
10 meters or smaller measured in at least one dimension transverse to the
magnetic field limes, and 1000 meters or longer measured along the magnetic
field lines, are shown to exist as high as 450 km In the nocturnal equatorial
F region during equatorial spread-F conditions. Equatorial 5pread-F
echoes observed at Huancayo are demonstrated to be arriving at all elevation
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angles in the magnetic east-west plane. The geographical extension of a
given scattering sheet in the magnetic east-west direction was at times
as great as 1000 km. An observational procedure is suggested for
distinguishing two fundamental varieties of spread-F echoes appearing
on the equatorial iouxxrams. A necessary condition, that the contours of
mean electron density be parallel to the magnetic lines of force, is
proposed as a controlling factor for the occurrence f spread F in the
equatorial ionosphere.
A

COHEN, R., K. L. Bowles and W. Calvert. On the nature of equatorial slant
sporadic E. J. Geophys. Res. 67, 965-972 (March 1962).

Two features of the daytime sporadic-E echoes observed on ionograms
obtained near the magnetic equator were termed "equatorial sporadic E"
and "equatorial slant sporadic E". These are traces that project from the
E-layer trace and have equivalent ranges independent of frequency and
proportional to frequency, respect0iely. Radar studies in Peru indicate
that a thin stratum of magnetic-field-aligned irregularities embedded in
the E-layer is responsible for the entire sporadic-E configuration. The
increased equivalent ranges of the slant trace are attributed to oblique
propagation in the east-west plane orthogonal to the L regularities. By
accounting for the refraction and retardation imposed by the E-layer, the
entire configuration can be simulated in detail. It is established from this
analysis that the equatorial electrojet flows within the equatorial E-layer,
and that its first- 4rder current variations are coherent over distances of
500 km or more along the magnetic equator.
A

COHEN. R. Introduction (International Symposium on Equatorial Aeronomy),
J. Geophys. Res. 68, 2359-2361 (1963).

The accompanying papers were among those presented at the first
International Symposium on Equatorial Aeronomy. held at Hotel Huaychulo,
near Huancayo, Peru, from September 18 through 25, 1962. A summary
session was held in Lima on the morning of September 27. 1962.

The field now known as 'equatorial aeronomy' refers to studies of the
atmosphere in the vicinity of the magnetic equator. In particular, inasmuch
as charged particles interact with the earth's magnetic lines of force, the
geometry of the equatorial magnetic field leads to maty interesting iono-
spheric and magnetic phenomena. Many workers all over the world have
been studying the equatorial Ionosphere for some time. Although consider-
able information has been accumulated. many mysteries still remain.
However, there had never been a conference devoted exclusively to equatorial
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aeronomy (as there had been for polar aeronomy, for example). The need
for such a conference was recognized in 1959, and this symposium was
held three years later.

The objectives of the meeting were threefold: (1) to arrive at an
understanding of what was known in each area of the field of equatorial
aeronomy, (2) to decide what important problems were still outstanding
in each area, and (3) to propose individual and collective programs for
solving some of these problems and filling gaps in the present knowledge.
Some 60 persons actively engaged in equatorial studies attended, about
half of whom were from observatories and laboratories in the vicinity
of the magnetic equator. The countries represented were Argentina,
Bolivia, Brazil, Chile, Colombia, Ethiopia, France, Ghana, India, Japan,
Kenya, Mexico, Nigeria, Peru, the Phillippine Islands, the United Kingdom,
the United States, and West Germany.
Excerpt

COHEN, R., and K. L. Bowles. The association of plane-wave electron-
density irregularities with the equatorial electro jet. J. Geophys.
Res. 68, 2503-2525 (1963). Similar material was presented to
Commission mI, URSI Fall Metting, Ottawa, Canada, 17 Oct. 1962.

The field-aligned irregularities responsible for the 'equatorial
sporadic EI configuration on equatorial lonograms have been established
to be plane waves of electron density aligned with the magnetic field but
moving perpendicularly to it. It has been generally realized that there is
some connection between these irregularities and the equatorial electrojet.
This paper demonstrates that the irregularities are spatially and
temporally correlated with the equatorial electrojet. First, it ij shown
experimentally that the irregularities occur in the height and latitude
region in which the electrojet flows; I. e., they are embedded in the electro-
jet. Second, it is shown that there are temporal correlations between the
intensity of radio waves scattered from the irregularities associated with
the electrojet and the horizontal intensity of the earth's magnetic field, a
measure of the electrojet current. -The scattered intensity is Imperceptible
until a certain 'threshold' of electrojet current is reached. As the electro-
jet current increases above the threshold, a scatter signal suddenly rises
above the noise, increasing abruptly at first, then gradually. This
threshold suggests that the plasma wave irregularities are generated by
the current stream. According to the theory of Farley such a threshold
can be interpreted as the onset of a plasma instability in the equatorial
electrojet, leading to the formation of plasma waves. I is shown that by
meoms of the intensity of the signal scattured from the electrojet Irregular-
ities, together with magnetometer measurements, it may be possible to
estimate from ground observations the daytime field variation Lesulting i
from disturbance ctarrsnts at great distances from the earth.

A
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COHEN, R., and K. L. Bowles. Ionospheric VHF scattering near the magnetic
equator during the International Geophysical Year. J. Res. NBS 67D,
459-480 (1963).

General results and statistical studies of equatorial VHF oblique
ionospheric scatter signals are presented for one calendar year of the
International Geophysical Year. The equatorial scatter signals were usually
stronger than their counterparts at temperate latitudes. Scattering was
observed comparable to the D-region scatter propagation familiar elsewhere,
but usually the E-region scatter predominated. Scattering via F-region
irregularities was observed at nighttime over a 2580 km path centered about
the magnetic equator.

The intense daytime equatorial E-region scattering was established to
be largely due to irregularities associated with the equatorial electrojet.
Its communications potentialities appear promising for paths having mid-
points within a 100 band of latitude centered about the magnetic equator.

When the D-region scattering was distinguishable, it usually appeared
to be stronger than that over similar paths at temperate latitudes. However,
during the daytime over a path centered just at the magnetic equator, this
comparison is just the opposite.

Relatively strong scattering from irregularities in the E region was
also observed at nighttime, with the result that the weakest signals received
diurnally over the equatorial paths were comparable to the strongest signals
propagated over similar paths at temperate latitudes.

Both the daytime and nighttime scattering via E-region irregularities
exhibited an asymmetry about the magnetic equator, being stronger for a
path midpoint 56 south of the magnetic equator than for a midpoint a similar
distance to the north.
A

COOK, C. J., and D. C. L.arents. Electron collision frequencies and scatterlEn
cross-sectior'. in the ionoanberM. Final Tech. Rept. 6, Contract DA-
36-039 SC-86052, SRI Project PAU-3340 Stanford Research Institute,
Menlo Paec, Calif. (15 Aug. 1961).

S

Stanford Research Institute is attempting to construct a computer model
that will rapidly c.lculate the effects of natural or man-made ionospheric
disturbances on & communication system or net from a prori knowledge
of the disturbio event. To do so, three major items must be available:

1. There must be an accurate model of the effects that the disturbance
produces upon the !onosphere in terms of microscopic details of the
species as a function of spatial position.
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2. From this information the conductivity tensor must be calculated
and presented in a form that can be utilized by a computer routine.

3. A computer model must be available to calculate the communication
net's behavior.

Our primary task was to supply information on the collision cross
sections and frequencies required for the calculations and to indicate their
accuracy.

From the microscopic point of view, calculations of the conductivity
tensor Ila 11 for the normal ionosphere as a function of height is not expected
to differ in principle or techniques from calculation of Ila 11 for a disturbed
ionosphere. In both cases it is necessary to know the electron spatial
density and velocity distribution, the spatial density of the atomic, molecular,
and ionic species, and their velocity-dependent electron momentum transfer
cross sections, Qd(v). Because only numerical details of the calculation
depend upon the specific model used, and since the conductivity of the
normal Ionosphere above the D region has not been established, the normal
ionosphere was studied.

The literature pertinent to the calculation or measurement of electron
momentum transfer cross sections, Qd(v), was next analyzed, and the
best values for the appropriate cross sections were selected and their
accuracy estimated. The velocity-dependent electron collision freq, ncy
was established for the major species of the ionosphere. Scattering cross
sections are defined and discussed in detail in this report because the
apparent confusion of their types and values indicated to many investigators
that they must be the source of error in conductivity.

However, during the course of these investigations, it became evident
that the major source of discrepancy between observed and calculated
conductivities (or collision frequencies) of the normal ionosphere could
stem directly from the use of inappropriate approximate forms for Ili II.
For example, a large error could be made in many experiments by
employing the usual Appleton-Hartree equation. Since this approximation to
11 all is used extensively in ionosphere studies, it was deemed necessary to
determine the conditions under which an expression of the Appleton-Hartree
form was valid. To do so it was necessary to consider the derivation of
a ii lso that the approximations and assumptions included in the final

expression could be brought to light. For this reason, the derivation is
included in this report.

It is not difficult to determine the correct form of 1011 in the Appleton-
Hartree sense: In the simple isotropic case

e2 'I of
S....e elfl _eff

OUL r M v2  *2
off n, eff
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However, both the effective collisional frequency veff, and wave rotational
frequency, £feff' are integral functions of the velocity-dependent electron
frequency, vm(v), the wave rotational frequency w, and the velocity
distribution. Unfortunately, known conditions under which Veff and Ceff

can be simply expressed in terms of an average collision frequency < v >
and cu are very limited, as is subsequently shown. For those interested
in propagation through the ionosphere it would be of great value if appropriate
approxhiiations could be found that would permit retention of < v > and alge-
braic forms for II a II : The work initiated in this study should be continued.

Finally, the results of these calculations were applied to the model of
the normal ionosphere. Assuming a Maxwellian electron velocity distri-
bution, the average and effective collision frequencies of the ionosphere
were determined as a function of altitude. Extension of this work to a |
disturbed ionosphere rests upon the availability of an adequate model of the
event. I

Since veff and weff are dependent upon Vm(v), thus Qd(v) and WJ,
the attenuation coefficient, index of refraction and phase shift as a function
of altitude and o have not been calculated. However, the limiting forms of
Veff and wefor <v><< w and<v> >>c are presented in the text and
these macroscopic parameters for these cases can be simply calculated
from the usual expressions derived from Appleton-Hartree based calcu-
lations.
Excerpt

CORY, T. S. Scale-model measurements on a sloping-wire antenna. Research
Memo. 4, Contract DA36-039-AMC-00040(E), SRI Project 4240,
Stanford Research Institute, Menlo Park, Calif. (June i963).

Radiation patterns of a 1: 100-scale model of an end-fed sloping-wire
antenna have been measured. The model antenna was made to simulate a
tactical HF (3-to-8-Mc) communication antenha used with the AN/TRC-77
radio set. Such an antenna is of particular Interest for tactical jungle
communications where near-vertical propagation is pertinent rather than
ground-wave.

The actual antenna, In addition to the sloping radiator, comes with two I
50-foot counterpoise radials seýLrated by 90 degrees on the ground. Since
the model was measured in the presence of metal ground surfaces, the
effect of the countr, Aose on the radiation patterns is not shown, Because
the radiator itself is electrically short (0. 076-0. 203 A), the counterpoise
Is expected to improve the radiation efficiency and to have a minimal effect
on the radiation patterns.

On a scale- model basis, it is difficult to be more precise about the
patterns than is Indicated in this report, because of the difficulty in scaling
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ground constants. It is possible to measure the free-space patterns of a
symmetric sloping-wire structure in free space and reflect this mathemati-

cally into a ground geometry that may be controlled. This latter approach
is currently being investigated, along with an experimental program to
determine the location of effective ground with respect to the earth's surface.
As near-veritcal radiation is of primary interest, the geometrical optics
approach of ground reflection is expected to yield useful answers. Near
grazing for vertical polarization, the geometrical optics technique breaks
down, and the reflection must be considered as a diffraction problem.

The geometry of the antenna pattern measurements is shown in Fig.
The sloping-wire-antenna patterns were measured in the presence of a plane
metallic reflecting ground, as is shown in Fig. 2 and in the presence of a
25-degree conical hill, as shown in Fig. 3. Elevation-plane patterns were
obtained for two orthogonal polarizations. The sloping wire is shown in

Fig. 4.
Excerpt

CORY, T. S., and W. A. Ray. Measured impedances of some tactical antennas P
near ground. Research Memo. 7, Contract DA36-039-AMC-00040(E),
SRI Project 4240, Stanford Research Institute, Menlo Park, Calif.
(Feb. 1964).

The dipole antenna was the most thoroughly investigated of the three.
Its driving point impedance decreased as expected by the image method,
with decrease in height until the height was reached where the end of the
dipole approximately subtended the Brewster angle. The driving point
impedance then increased rapidly for very low heights. A driving point
impedance increase with low height was observed for the other two antennas
as well.

For dipoles and large horizontal loops at low height above ground the
image method calculations of impedance are insufficient. In like manner
the treatment of the slant wire as a monopole fed against ground is also

insufficient. As an example, the slant wire as recommenced in the
ANiTRC-77 manual is improperly designed for transmitting efficiency.
A

COWLING, T. G.o and R. Borger. Electric conductivity of the ionosDheric
• -rea Nature l62, 143 (July 24, 1946).

We have recently begun to investigate theoretically how atmospheric
tidal motions should vary with height above the E-layer. The work is still
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in the exploratory stage, and too great reliance cannot be placed on the
tentative results which have so far been obtained. These results, however,
suggest that tidal motions should increase with height for some considerable
way above the E-layer. Considerable phase-changes may also occur above
the E-layer. Such results are difficult to incorporate into a general theory
of the magnetic variations, and we do not claim to be able to do so: but Dr.
Martyn's interpretation of the facts need not be the only possible one.

Dr. Martyn's final suggestion will, unfortunately, not wholly resolve
the difficulties to which we directed attention. Polarization counters the
magnetic reduction in conductivity fully only if the Hall currents are
completely prevented from flowing, and in this case the polarization field
must considerably exceed the originai field which makes it arise. If, say,
the Hall currents in the ionosphere were vertical, the polarization produced
by accumulations uf c•arge above and below the conducting layer would be
only slowly dissipated, and would be able to build up to a size sufficient to
produce the desired effect. But normally the polarization electric field has
a horizontRI part, which makes the polarization charges leak away as fast as
they collect. Hence, while polarization may partially restore the reduction
in conductivity due to the magnetic field, it cannot do so more than partially.
Excerpt

COWLING, T. G. The electrical conductivity of the ionosphere. International
Council of Scientific Unions. Proc. Mixed Commission on the Iono-
sphere, Canberra, Australia, 24-26 Aug. 1952, 106-109 (3963).

Chapman's dynamo theory of lunar geomagnetic variations proves that
conductivity of ionosphere is 2.5 x 105 /f. Recent research shows that
conductivity arises in equatorial regions mainly from lower part of E layer.
According to Hiono, there is enhanced conductivity near the magnetic
equator due to polarization mechanism. According to Schluter, the total
electric force can be divided into original electric force and secondary electric
force. His analysis cannot be applied to ionosphere due to the presence of
large numbers of neutral atoms.
MGA

CRACiKNELL. R. G. Transequatorial propagation of VHF signals. QST 43,
11-17 (Dec. 1959).

In general, the TE path in between areas on either side of the geomagnetie
equator and 1500 to 2500 miles away from it. It Is effective during the hours
of darkness, and on frequencies up to 1. 5 times the observed daytime maximum
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usable frequency for F-layer propagation. Optimum propagation conditions
occur at the time of the equinox, between points in the same longitude,
located about 2000 miles from the geomagnetic equator.

The TE mode may be usable between locations where the direct line
between the two stations cuts the geomagnetic equator at an angle as low
as 45 degrees, and beyond the distance limits mentioned above, but moving
away from the most favorable spots causes both the reliability and the
maximum usable frequency to drop off. The quality of the modulation on a
TE-propagated signal is often distoted by a characteristic flutter fading.
The signal is good enough for commu-jication purposes, but the mode is
unlikely to be of value for broadcasting or televisior. The transmitter
power required to produce an intelligible signal is small. A few watts of
r. f. in a vertical quarter-wave aerial may induce a signal of one micrrvolt
or more in a sin'ilar aerial located 4000 miles away in the opposite TE zone.
Excerpt

The author took a comprehensive louk at this propagation mode from
the potential user standpoint, estimating MUF, zones of coverage, seasonal
effects, reliability, quality, n ise levels, backscatter, and possible physics
of propagating modes.
C

CRACKNELL, R. G. More on transeguatorial propagation. QST 44, 47
(Aug. 1960).

The author describes angle of arrival and time delay of signals propa-

gated via the transequatorial mode. He postulates three modes: (1) 2-hop
F2, using maxima in electron density at +100 magnetic latitude, (2) F type
TE (super mode) which "comes off the electron gradient at the shoulder and
shoots straight across to the other side," and (3) true TE, which uses the
high-density zones as a lens. He states that the high-density zones are
unstable and "regions of flux and turbulence productive of large inhomo-
genetties,". . . "This is the primary cause of flutter, but the severest
flutter is caused by mixing of the three modes of propagation, each with
its distinctive delay."
C
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CRAIG, L. H. Panama VHF and HF jungle propagation. U. S. Army Electronics
Research and Development Lab., Ft. Momnouth, N. J. (Nov. 1963).

In hilly, mountainous, forested country, VHF communications are much
better than expected. More extensive VHF tests should be conducted in
tropical terrain to obtain conclusive coverage data. These tests show that
it is reasonable to expect complete reliable coverage of an area 25 miles
in diameter by using a balloon anten.,a 200 to 400 feet high at the command
post with the patrol antenna raised on a 100-foot lightweight, blow-up mast.
The steep, sharp, high, tropical hilla are an advantage in most cases to
VHF propagation. Laboratory tests of the J. string-type antenna are in
progress, and a light-weight, 100-foot long blow-up mast to suppcrt it is
being procured for feasibility tests. A better way to package the 6-ounce,
lightweight cable such as is used for a 100-foot measuring tape is required.
The PRC-25 is too heavy if it has to be carried 25 miles on jungle trails.
A lightweight set similar to the PRC-35, but less the four-channel mechanism
would be more useful if the 25 mile distance is actually a firm requirement.

For HF, low power, less than 10 watts using vertical-incidence for the
E layer reflection in the daytime is dependable. The use of shortened,
quick-erectable, horizontal antennas is feasible. Interference is the only
reason that communications are difficult. The low frequency end of HF sets
should start at 2 Mc/s or lower, not 3 Mc/s, and above 8 Mc is not useful
for 25-mile circuits. Efficient antennas are a help but operators having
procedures to change frequencies and quick, easy tuning methods are more
essential. The center-fed matching system is the most useful because it
can be used for both short antennas and half-wave antennas with the least
matching and tuning trouble. At night, from 2000 hours to 0600 hours in
the morning, the frequency must be below 2.5 Mc/s and a half-wave,
efficient untenna must be used. The GRC-9 is too heavy for foot patrols.
A special low-frequency range, 5-to-10-pound set is needed unless foot
patrols do not need to walk 25 miles. A variable inductance, blow-up coil
for use in antenna matching circuits ;would be more useful than the present
coil types.
Excerpt

CRICHLOW, W. Q., R. T. Disney, and C. A. Samson. Atmospheric radio
noise summary for the period June 1 through Nov. 30, 1957. NBS Rept.
5556, National Bureau of Standards, Boulder. Colo. (20 Feb. 1958).

The first article is a summary report of noise measurements made during
the period June I through Nov. 30, 1957 by stations in the recording network
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which is supervised by the National Bureau of Standards. Stations engaged
whole time or part of the period were as follows: Boukder, Colo.; Bill,
Wyo.; Front Royal, Va.; Marie Byrd Base, Antarctica; Balboa, Canal Zone;
Ibadan, Nigeria; Thule, Greenland. Studies in this field are intended to
produce more specific recommendations for future noise predictions.
N

CRICHLOW, W. Q., R. T. Disney, and C. A. Samson. Atmospheric radio
noise for the period Dec. 1, 1957 through Feb. 28, 1958. NBS Rept.
5580, National Bureau of I.Randards, Boulder, Colo. (23 June 1958).

In the second article, radio noise measurements during the period
Dec, 1, 1957 through Feb. 28, 1968 hay,, been summarized for the
following stations: Boulder, Colo; Bili, Wyo.; Front Royal, Va., and
Balboa, Pana.ma Canal Zone. Details of data analysis show the existence of
contamination from signals, man-made noise, and receiver noise. A
procedure adopted to eliminate these effects and to obtain a "best estimate"
of a true atmospheric noise level at each station is described. Differences
between the predictions and observations are discussed by time blocks.
N

CRICHLOW, W. Q., (Chairman of committee). Special report on characteristics
of terrestrial radio noise. Subcommittee of Commission IV, URSI,
(Aug. 1960).

Although there are many types of noise that c;•we interference to
reception, this study his been directed toward atmospheric noise, which
is the principal natural source of interference at frequencies below about
30 Mc/s. This typi of noise, which originates in thunderstorms throughout
the world, ls very erratic in character and varies over wide limits as a
function of a number of variables. The principal ones are geographic
location, radio frequency. time of day, and season. Some of these varihtions -

are systematic and some are random and must be treated statistically. It
is vioavenient to separate the variations with time Into intervals of various
lengths. Let us consider first the short-term variations.

For sampling times of sevcral minutes to about an hour, many of the
important statistical properties of atmospheric noise remain essentially
constant, except during local thunderstorms. The shorter-term fluctuations
in amplitude have been described by several investigators by the use of
amplitude-probability distributions which show the percentage time for
whiob the noise envelope exoeeeds various levels (see Section 5.6). This type
"of presemtion is convenient for Investigating the interference caused by
a paftieular type of noLve to an existing communication. service, as well as
for desigidag new systems to operate in thb prsence of a Siten type of noise.

SlU9
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From hour to hour during the day, both ihe level of noise and the shape
of the probability distribution change because of changing propagation
conditions and frequency of thunderstorms, but fortunately these variations
tend to folloua a particular pattern. Over most of the frequency range the
highest levels occur at night, because noise is then propagated by means of
the ionosphere from storms at large distances. During the daytime,
ionospheric absorption reduces the noise from distant storms, but at some
frequencies tVe noise level is enhanced by local storms during the afternoon.
Thus, we have maximum noise levels at nighit, minimum during the morning,
a moderate increase in the afternoon, and again high levels at night. At
the higher frequencies in the HF range, the shape of the diurnal curve tends
to reverse itself, because the ionosphere will support propagation only
during the daylight hours.

From day to day, at a particular time of day, there are variations in
the received noise level due to variations in propagation conditions and in
thunderstorm activity. These day-to-day variations can also be conveniently
treated by means of piobability distributions as in the case of the short-term
fluctuations.

There is also a systematic seasonal trend in the noise which is influenced
by ionospheric absorption as well as by the locatio; md number of thunder-
storms. The thunderstorm centers tend to shift north and south of the
equator from snmmer to winter. In addition, the ionospheric absorption is
higher in the summer, which tends to offset the increased thunderstorm
activity at that 'ime; nevertheless, the received noise tends to be highest
in the summer and lowest in the winter at tropical and temperate la teq.

The received noise level varies with frequency, because the noiL -
radiated by the thunder'storm and the efficiency of its propagation are functions
of frequency. In general, the received noise level decreases with increased
frequency.

There are variations with geographic locations, the highest levels being
encountered in equatorial regions and the lowest levels in the polar rogions.
The received noise levels are influenced by topography as well as by weather
and propagation coUditions. Some variation with sunspot activity may also
ba expected.
Excerpt

[30
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CROMBIE, D. D. On the mode theory of very-low-frequency propagation in
the presence of a transverse magnetic field. J. Res. NBS 64D,
265-267 (1960).

The effect of a purely transverse horizontal magnetic field on the
propagation of very-low-frequency (VLF) waves is considered. It is shown
that the magnetic field introduces nonreciprocity, and that for propagation
along the magnetic equator, the rate of attenuation is less for west-to-east
propagation than for east-to-west propagation.
MGA

CROMBIE, D. D. Reflection from a sharply bounded ionosphere for V. L. F.
propagation perpendicular to the magnetic meridian. J. Res. NBS
65D, 455-463 (1961).

There is experimental evidence that v. 1. f. signals propagating from
west to east suffer less attenuation than from east to west. Earlier work
treating the case of nonreciprocal propagation along the magnetic equator
is extended in latitude. The nonreciprocity shown by IIR I for highly oblique
propagation along the magnetic equator persists when the reflection point
moves towards a magnetic pole, but at the pole itself I1 R I1 is reciprocal
To a first approximation .LR.L Is reciprocal at all magnetic latitudes.
The conversion coefficients IIR. , .LRII , are greater for east-to-west
propagation than for propagation in the opposite direction, except at a
magnetic pole where they are equal.
EEA

CROMBIE, D. D. Nonreciprocity of propaation of V. L. F. waves along the
magnetic equator. Proc. IEEE 51, 617-b18 (1963).

An explanation for the nonreciprocity of v. 1. f. propagation along the
magnetic equator has been given by Barber and Crombie [J. Atmos.
Terrest. Phys., Vol. le, No. 1-2, 37-46 (Oct., 1959)i . They implied
that the reason for the reduced reflection for waves incident from the east
was due to increased dissipation of wave energy in the ionosphere. In
this note Crombie states that this Is no longer believed to be true, that
the absorption coefficient in the Ionosphere in independent of the direction
of incidence, and that the nonreciprocal reflection is balanced by a non-
reciprocal transmission coefficient u the ionospheric boundary.
EEA

131



C

CROOM, S., A. Robbins, and J. 0. Thu~nas. Two anomalies in the behaviour
of the F2 layer of the ionosphere. Nature 184, 2003-2004 (1959).

A geomagnetic anomaly is observed in the distribution of electron
density with magnetic latitude at noon at the equinox. A trough in the
distribution is found at the magnetic equator which becomes broader at
lower levels in the F region. A diurnal asymmetry is found in the electron
density measured at a given height. The density at nearly all latitudes at
09 hours is greater than that at 15 hours for heights above about 200 kin,
with the opposite effect below 200 km.
PA

CSIR. Ionospheric data (for March 1962). Council of Scientific and Industrial
Research, Radio Research Commission, New Delhi (1962).

Regular ionospheric observations are being taken in India in a chain
of eight stations, seven of which are in the 75* E longitude zone, covering
a range of geomagnetic latitudes from 19. 20 N to 0.90 S. This document
is a coordinated publication of the ionospheric data of all these stations,
with data on actual propagation conditions, and such geophysical data as
are of interest for ionospheric studies.
STAR

Apparently these data reports were published monthly.

CSIR. Ionophemric predictions for January and February 1963. Council of
Scientific and Industrial Research, Radio Ilesearch Commission, New
Delhi (Sept. 1962).

East Zone predicted median values for the ordinary ray critical
frequencies and maximum usable frequencies for 4000 km for January
and February 1963 are given.
STAR

Apparently these predictions were published monthly.
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CSIR. Ionospheric predictions, September 1963. Council of Scientific and
Industrial Research, Radio Research Commission, New Delhi (May 1963).

Charts showing the September 1963 ionospheric predictions for:
(1) median values for the ordinary ray critical frequencies, F2 in Mc/S,
for zone E, and (2) median values for the maximum us.tble frequencies
(4000), F2 in Mc/S, for zone E, are presented. A nomogram for transforming
F2-zero-MUF and F2 -4000-MUF to equivalent maximum usable frequencies
at intermediate transmission distances and a conversion scale f& . obtaining
optimum traffic frequency are also presented.
STAR

CYNK, B. Variations in the disturbance field of magnetic storms. Terrest.
Mag. 44, 51-57 (1939).

Chapman's investigation has been extended by using more stations and
data. Between the N and S auroral zones 14 stations in various latitudes
were used. Chapman's conclusion that the form of the disturbance field due
to the storm-time disturbance field (Din) was generally independent of the
intensity of the magnetic disturbance over considerable ranges of activity,
was confirmed. It was found that (1) the storm field war stronger at
practically all latitudes during the equinoctial months March, April, Sept.,
and Oct., than at others, (2) the H component of Dm was nearly twice
as great in the local winter as in the local summer season, and (3) the
averages for the year and equinoxes of the geographical distribution of the
H component of Dm are approximately symmetrical about the geomagnetic
equator. Thus the Dm field has a part symmetrical about the equator
together with a sinusoidal part. The average characteristics of the sinu-
soidal part are examined.
PA
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DAGG, M. Diurnal varia..ions of radio-star scintillations. spread F, and
geomagnetic activity. J. Atmos. Terrest. Phys. 10, 204-214 (1957).

An equipment has been constructed to enable a long-term investigation
to be made of the. temporal variations of radio star-scintillations. A year's
observations are presented in terms of the monthly average diurnal varia-
tions of spread F and geomagnetic activity.
A

DAGG, M. The origin of the ionospheric irregularities responsible for
radio-star scintillations and spread-F--4I. J. Atmos. Terrest.

Phys. 11, 139-150 (1957).
A theory is presented which attributes the occurrence of ionospheric

irregularities in the F-region to turbulent wind motion in the dynamo
region at a height of 110-150 km. The resulting turbulent component of
the electric potential field produced is communicated to the F -region, as
suggested by Martyn (1955), where magneto-electric forces then cause the
ionization to form eddies. It is suggested that the absence of daytime
scintillations is due to the inhibition of turbulent flow by large temperature
gradients during the day. The theory is then compared in detail with
observations and shown to be capable of explaining all the major features
of radio-star scintillations, together with such diverse results as the long-
term correlation of scintillation amplitude with magnetic activity and the
variation in the occurrence of spread-F and scintillations at different parts
of the earth over the sun-spot cycle.
A

DANIELS, F. B., and S. J. Bauzer. The Ionospheric Faraday effect and Its
applications. J. Franklin Inst. 267,, 187-200 (1959).

An outline is given of the theory of the ionospheric Faraday effect (the
rotation of the plane of polarization of radio waves by the ionosphere).
Measurements of ionospheric characteristics by means of lunar radio
reflection% and radio transmissions from artificial satellites utilizing this
effect are discussed. The rate of fading of satelite signals doe to the
Faraday effect is found to depend upon both the integrated electron dunsity
up to thit height of the satellite and the local eleotron density at the satellite.
"Thu" a possibility exits of determining both quantities provided the

saitelt transmissions are received simultaneously by two or more stations.
Expresbions for the fading rate are derived sad the effects of orbital paraza-
etore an the determination of ionospheric characteristics are dfIt, u d.
A
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DAS GUPTA, M. K., and R. K. Mitra. Solar activity and the occurrence of
E E J. Atmos. Terrest. Phys. 24, 408-411 (1962).

Extensive studies have been mride in the past on the incidence of E
ionizaton in relation to solar activity, but it appears that no definite cor-
relation between the two has yet been established (Appleton and Naismith,
1940; McNicol and Gippe, 1951; Mitra, 1952; Smith, 1955; Rawer, 1955;
Thomas, 1956; Penndorf and Coroniti, 1958; Kasuya, 1958; Ratcliffe, 1960).
Recently we have examined the matter utilizing data collected over the years
1953-1959, which includes the IGY period. We were prompted to choose
this period for our investigation for the following reasons: (1) a large num-
ber of stations with much improved ionosonde recorders came into operation
during the IGY period making available a vast amount of data, and (2) the
activity of the present solar cycle was more pronounced than the previous
ones.

In all data from thirty-three stations in different regions (IGY
Classification, 1959): Auroral-10; Subauroral--8; Minauroral-12;
and Equatorial-3 were critically examined. Percentage occurrences of
E (percentage of times fE > 5 Mc/s) at 1200 hours local mean time were
plotted month by month for the sunspot maximum year (1957-1958) as well
as for the sunspot minimum year (1954) for all these stations. Out of these,
curves for twenty-folir stations clearly indicate that the percentage occur-
rences were much greater in the sunspot maximum year than those of the
minimum year. A representative plot is shown in Fig. 1(a). Out of the
remaining nine stations, curves for four indicate a definite decrease in E
occurrences in relation to sunspot activity as shown in Fig. 1(b); whilst
curves for five stations are rather doubtful showing neither increase nor
decrease, as shown in Fig. 1(c). It also interesting to note that most of
these curves show a marked seasonal effect, percentage occurrences of
E being maximum during the local summer months as in Fig. 1(a, b). In
some cases, however, there is also evidence of a minor secondmary maximum
during the local winter months.

The increased occurrences of Es during the sunspot maximum year in
the majority of cases strongly indicate a positive correlation between E
occurrence and solar activity. The correlatica Is more srikingly evidint
"in Figs. 2(a) and 2(b). Fig. 2(a) shows a plot of 12 montyrnnl nftaver-
ages of percentage occurrences of Es (fEg > 5 Me/s) at lnvarness aloi with
that of ZUrich reatve sunspo numbers over the period 1953-1959. Fig.
2(b) shows a plot of 12 monthly running avera•es of pOer•tage cc0u0rence
of E (fE > 5 Me/a) for the. ame station verss that of do Zurich relative
su&t lctivily. From our prelimnary analysis don so far it mo be con-
eluded that this is also true for majority of the ations. Bowever, similar
curves for all the station mentoned above, as well as the evaluation of db
exact natire of correlation between dha two phanomen, are under detailed
analysis sad will be reported in d.cours.
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DASGUPTA, P., and K. K. Vii. Statistical analysis of fadinf of a single
down-coming wave. J. Atmos. Terrest. Phys. 18, 265-275 (1960).

The paper deals with the statistical an- lysis of fading of a single wave
reflected (vertically) from the F -region of the ionosphere. These fading
records are usually random and their amplitude distribution has been found
by other workers to be Rayleigh, Gaussian or log-normal. The present
analysis shows that the amplitude distribution is Rayleigh only in the case
of rapid fading, whereas for slow and quasi-periodic fading it is found to
represent what can be termed as an M-type. The distribution of successive
differences In the amplitudes has also been studied; for a Rayleigh ampl -

tude distribution this time analysis gives rise to a Type-VIl distribution
of Pearson as originally pointed out by Mitra (1949b) while in the case of
M-type amplitude distribution it becomes Gaussian. Following Mitra's
analysis, the rms value of the random velocity, v of the ionospheric
irregularities has been calculated from the time ahalysis. The value of
v has also been calculated from the autocorrelation coefficient of the
amplitude R following Booker at Al. (1950). The two values of v0 thus
obtained are compared and are found to agree well.
A

DAKT-A, R. N. Some studles on the spread-F. double-F and forked-F traces
as observed at Haringhata (Caluttu). Indito J. Pbys. 34, 482-492
(1960).

From the spread-F records and from the theoretical relation of the
spread-F index with the critical frequency and the velocity of lneglaei-
ties, it is found that the percentage of occurrence of spread-F depends both
on the electron densnit sd the velocit of the Irt/aries. The nit-time
appearance of this phenomenon and its sharp decreae at smlse lead sup-.
port to this conoluslon.
PA

DATTA, S., nd R. N. Datta. 4ro- a in thM iomsgn lmlb0o . ,
balan j. Ples,. l -31644 (l95).

C$Tro-ft!eqW wdk In 3, F1 and F2 iqiom over Hariqiata were
calculated brm nwmeasuremm of ordinay (to) awl eztrao-r lMs OX) critical
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frequencies. Findings include the following: 1) magnetic fields were
higher than those expected from extrapolation of the magnetic field at
ground level to the heights of the regions by inverse cube law. 2) The
marked semi-diurnal variation of the gyro-frequency of the E region
reaches minimum at midday. 3) No such variation found in F1 nor F2,
average winter value of the latter exceeds the summer value by 9%.
4) fx - f0 depends on high frequency values being lower than those at low-
er levels, as may be expected in quasi-transverse propagation.
N

DATTA, S., P. Bandyopadhyay, and R. N. Datta. Ionospheric observations
on the F-region during the solar eclipse of April 19, 1958. J. Atmos.
Terrest. Phys. 16, 182-185 (1959).

Effects of the eclipse derived from observations at the Ionosphere
Field Station at Haringhata of the Jnsdtute of Radiophysics and Electronics,
University of Calcutta, are presented. Investigations of variations of
maximum electron density and of the F2-layer peak are illustrated by
three diagrams. Onily some indications of the appearance of an F1
peak could be obtained. An additional peak in Fl 1/2, as shown on its
ionogram, is probably not an eclipse effect.
MGA

DAVIES, K., J. M. Watts, and D. H. Zacharisen. A study of F2-lyer effects
as observed with a Doppler technique. J. Geophys. Res. 67, 601-610
(1962).

Changes in the height and shape of the ionosphere produce, at a receiver,
variations In the frequency of waves emitted from a stable sender. WWV-10,
VWV-15, WWV-20 and WWVH-10 has,• been recorded at Boulder an slow-
woving magnetic tape. By rapid playback the Doppler frequency is converted
into an aadio frequency and the spectrum is anslyzed by conventional tech-
niques. Records obtained by thi tocnique ae presented to illustrate the
phenomersa observed during magnetically quiet and disturbed periods.
Experimental effects associated with solar flares and magnetic sudden
commencements are prmented. The frequency dependence of the frequency
variations is shown to give Information about the height location of the
associated Ionspherie effects.
A
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DAVIES, K. The measurement of ionospheric drifts by means of a Doppler
shift technique. J. Geophys. Res. 67, 4909-4913 (1962).

A letter to the editor directing attention to work on ionospheric drifts
being carried on at the National Bureau of Standards, Boulder, Colorado.
The technique involves the spectral analysis of radio signals reflected
from the F layer with almost vertical incidence. Examples are given of
conditions during quiet and disturbed periods and methbAs of calculating
vertical and horizontal movements are discussed. Spaced receiver and
rnagnetoionic data are used and velocities arc found which are of the order
of 200 to 300 meters per second.
J. Res. NBS

DAVIES, K. and E. Stiltner. A study of maximum observed frequencies for
the path Tripoli toAccra. IN: Semi-annual Report to Voice of
America, Part B, NBS Rept. 7276, National Bureau of Standards,
Boulder, Colo., 39-51 (July 1962).

One of the objectives of the stepped-frequency experiment carried
out over the Tripoli to Accra circuit is the comparison between observed
maximum frequencies (MOF) and the maximum frequencies given by
various prediction systems.

The prediction methods used in the present comparison are those of
the Central Radio Propagation Laboratory, Lamely:

(1) Ionospheric data obtained at Tamanrasset, some 350 km from
the mid-point of the path, together with a Smith transmission
curve (Circular 462).

(2) The numerical mapping method (G41let and Jones 1960).
(3) CRPL, D series.
(4) World maps of F2 critical frequencies and maximum usable

frequency factors (Zacharisen 1959, 1960).
The MOF was scaled as the highest frequency observed an the oblique

lonograms. The reason for this choice Is that the so-called "classical
MUF," the estimated frequency at which the high-azle and low-angle
rays merge (see Agy and Davies 1959), was often difficult to determine.
In any case, the classical MUF may have little or no meaning frow the
communications point of view because there is no disoontinuity of signal
there.
ftferpt
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DAVIES, K., R. M. Fisher, and E. Stiltner. Studies of ionospheric radio
propagation over the path Tripoli to Accra using a step-frequency
ionosorde. IN: Semi-annual Report to Vuice of Am'.-rica, Part B,
Africa Ionosphere, NBS Rept. 7276 National Bureau of Standards,
52-102 (1962).

The purpose of this paper is to present and discuss the experimental
results of an oblique-incidence ionosonde experiment carried out from
September 10, 1961 to October 15, 1961 over the 3300 km path between
Tripoli, Libya, and Accra, Ghana. The ionosonde technique has been
used extensively with normal incidence but relatively infrequently with
3blique incidence because of synchronization problems. The frequency
change-pulse method is almost essential in ionospheric sounding when it
comes to identifying the many paths by which signals propagate between a
sender and a receiver.

This technique had not previously been used in low latitudes, and one
of the reasons for carrying out this work was to examine the mode structure
of radio signals propagated via the ionosphere near the magnetic equator
where large distortions and peculiar propagation effects are known to
occur [Smith and Finney 19601.
A

DAVIES, K.. and E. Stiltper. A study of the observed effects of solar flares
observed on a trans-Sahara path. IN: Semi-annual Report to Voice of
America, Part B, Africa Ionosphere. NBS Rept. 7276, National
Bureau of Standards, Boulder, Colo. 119-134 (July 1962).

The Don. pler technique, which was used to study the fading of high-
frequency radio signals I Davies, Watts and Zacharisen, 1962 l over the
3300 km path between Tripoli, IMbyasand Accra, Ghana, has proven to be
very useful in studies of the ionospheric effects of solar flares (see for
instance, Davies 1962 a l. lDAing the recording period September 11 to
October 14, 1961 a number of events were noted which coincided with
the times of optical solar flares. It is the purpose of the present contribu-
tion to discuss these solar flare events: first, in relation to other iono-
spheric phenomena and second, in terms of the heights at which flare-
induced ionization is produced in the ionosphere.

The measurements in question were made on a carrier of frequency
of 19.904 Mc and consisted of the recording at Accra, on magnetic tape
moving with a speed of 0.02 inches per second, the beat frequency signal
produced by the received carrier and a local off-set oscillator of high
stability. For analysis, the beat frequency (of about 3 cpa) is converted
into an audio tone by rapid playback (30 inches per second) and the
frequency spectrum Is analyzed by conventional audio analyzers. The
outputs of the analyzers thus consist of a frequency versus time record.
A
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DAVIES, K., and E. Stiltner. Radio strength observations over the path
Tripoli-Accra. IN: Semi-annual Report to Voice of America,
Part B, Africa Ionosphere, NBS Rept. 7276, National Bureau of
Standards, Bou!?:_,:r, Colo., 135-140 (1962).

As part of a more general study of ionospheric radio propagation over
the path Tripoli-Accra signal strength recordings were made on two
frequencies: 19.904 Mc and 49.76 Mc. The transmitters (continuous
wave) were located in Tripoli and the receivers in Accra (distance 3300
kin) and measurements were made over the period September 10 to
October 15, 1961. The output of the transmitters were both near one
kilowatt and the bandwidths of the receivers were set at 300 cycles per
second. The minimum detectable signal was thirty decibels below one
microvolt at 50 ohms.

It is the purpose of this contribution to discuss the results of this
experiment and to compare them with the values to be expected on the
basis of certain prediction systems.
A

DAVIES, K. The importance of wave polarization on the propagation of
medium frequencies in low latitudes. IN: Semi-annual Report to
Voice of America, NBS Rept. 8226, National Bureau of Standards,
Boulder, Colo., 23 (March 1964).

Thr-e purpose of this paper is to offer some explanations to certain
medium frequency phenermena observed near the magnetic equator. These
observations were made recently in Africa as part of the joint NBS-USIA
Africa ionosphere studies and consisted of the recording of the signal
strength of the Nigerian transmitter at Kaduna, Nigeria, on a frequency
of 940 kc/s. These results are reported by A. F. bsarghausen in Contribu-
tion No. 1, and will not be considered in detail bere. Briefly, the observa-
tions showed that during the hours of darkness the sky wave signal, from
the vertically polarized transmitting antenna, was much weaker to the
east and west than to the north.
Excerpt
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DEARDEN, E. W. The geometry of radio reflections from field-aligned
Ionization irregularities in the ionosphere. Scientific Rept. 3,
Contract AF64(500)9 Queensland University, Australia (Oct. 1961).
AD-286 376.

Chapman's Auroral Geometry (J. Atmospheric Terr. Phys.) is
generalized for an arbitrary angle of incidence of a radio wave on a
geomagnetic field line. A method for dealing with refraction is described;
in this case the results are illustrated by describing the echo surfaces for
a transmitter located at Brisbane.
A

DEARDEN, E. W. Field aligned ionization irrimilarities. An inve01gation of
echoes observed from Brisbane. Scientific Rept. 13, Cor'ract
AF64(500)9 Queensland University, Australia (March 1962).
AD-294 723.

Ionization irregularities in the ionosphere, elongated along the direc-
tion of the geomagnetic field, were postulated by several workers, (e.g.
Peterson C1 al. 1955), to account for scattering phenomena observed when
the ionosphere is illuminated with radio waves from a transmitter, using
a rotating directive aerial. It was suggested that reflections tend to occur
when the ray path of the wave intersects the long axis of the irregularities,
and hence also the direction of the geomagnetic field at normal or near-
normal, Incidence.
A

DEB, A. C. Penetration of thin ionospheric layers. IMfdan J. Phys. 14, 451-
457 (1940).

Calculates wave reflection and penetration for thin parabolic layers.
Finds complete penetration does not occur at critical frequency because
of failure of geometrical optics.
M
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DEGACKAR, S. S. Changes in the electron density distribution in the

ionosphere over Ahmedabad associated with solar flares and mag-

netic storms. Prec. Indian Acad. Sct. A 54, 24-35 (July 1961).

De-cribes changes in the F region electron density profiles during a

disturbed period. Hourly values of peak electron density and total electron

content below the peak are given.
PA

DEGAONKAR, S. S., and R. V. Bhonzle. Ionospheric disturbances and change

in cosmic radio noise absorption on 25 Mc/s at Ahmedabad associated

with some solar events and geomagnetic storms in Nov. 1960. J.

Phys. Soc. Japan 17, 286-292 (1962).

Describes the results of analysis of N (h) profiles and the changes in

the observed total attenuation of 25 Mc/s cosmic radio noise recorded at

Ahmedabad during Nov. 10-17, 1960, a period of high solar activity.

Using N (h) data and the available models of electron density variation with

height above h maximum, calculations of ionospheric attenuation on 25 Mc/s

cosmic ray noise are made and compared with the observed total attenua-

tion of cosmic ray noise. It is shown that major attenuation takes place

above h maximum and that during solar cosmic magnetic storms, the

attenuations become abnormally low. The solar cosmic noise absorption

recorded on Nov. 11, 1960 at Ahmedabad is shown to be the likely cause

of the solar cosmic magnetic storm on Nov. 12, 1960. Reference is made

to a similar event recorded on 30 Mc/s riometer at Ottawa on Nov. 12,

1960. This solar cosmic noise absorption was also followed by irregular

long duration solar bursts. The Ottawa record shows in addition the

presence of a polar cap type of absorption. These are now attributed to

the bombardment of the upper atmosphere by low energy cosmic ray parti-

cles.
MGA

DELOBEAIJ, F. F1 _6 stratification at Dakar and motion of, the sun. Compt.
Rend. 235. 1573-1675 (195?). (In French.)

The F region of the Ionosphere contains normally (during the day) 2
distinct layers -the F and Te layers. A supplementary stratification,
called F1 ,i by the French Service of military ionospheric forecasting,
apDpears often in the subtropical regions. The hours Of Its presence and

its importance vary from hour to hour and day to day during the year and
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its existence causes a notable reduction of the degree of maximum
ionization of both F layers. The author aims to show evidence of the
influence of diurnal and seasonal periodicities upon the law of frequency
in time. Graphs for the period July 1949-July 1952 showing the number
of appearances of Fl, 5 during summer, winter and the equinoxes, and its
annual variation for Dakar are presented. Similar surveys have already
been given for Singapore (1949). The author conclides that if the existence
of F1, 5 can be explained by large-scale movements of ions over the
equatorial zone-it seems that their regime differs according to regions
and that there is reason to assume an influence of magnetic character-
istics. Similar results obtained at numerous stations would reveal the
effect of these characteristics.
MGA

DELOBEAU, F., and R. Gallet. The anomaiuas ampliLude of seasonal effects
In the equatorial ionosphere and the structure of the high atmosphere.
Compt. Rend. 239, 1067-1069 (1954). (In French.)

Summary of various seasonal ionosehcric phci•,•"ina at equatorial
staticns (inclhu ding D-layer absorption, F2-ionizatlon, fl'.5-stratification
and signal propagation) which indicate a remarkable amplitude of response,
much greater than the seasonal variation of noon cos X ( X = solar zenith
angle). These are interpreted in terms of seasonal variations of the
structure (temperature and its graaient, molecular dissociation, tides,
winds and turbulence) of the high atmosphere at the same place. The
"effective equator" follows the movement of the sun *23N and S of the
geographical equator.
PA

DELOBEAU, F., R. Eyfr'g, and" . Rawer. Experimental results of
ionospoeric transmission of impulses at oblique incidence. Ann.
Te!ecomm. 10, 55-64 (1955). (In French.)

Detailed account of the observational techniques used and results ob-
tained on various radic. links between Europe, W. Africa and U. S. A.
Considerations are given to the ionospheric courses followed and the m.u.f. 'a
obtained. The latter are normally found to be greater than the values
calculated by the classical methods.
EEA

DELOBEAU, F. Lunar tides In the ionospheric F2 layer above Dska r. Compt.
Rend. 240, 222-224 (1955). (In French.)

Measured tides in flF2 and h'F2 using data from I Jan. 1950 to
31 Dec. 1953. FInds feeble semi-dIurnal and strong diurnal components
In summer; says explanation difIcult. Tabulates amplitudes and phases.
M14
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DELOBEAU, F., and K. Suchy. Ionospheric absorption at Dakr. J. Atmos.
Terrest. Phvs . 9 4~5-50 956). (In French.)

i 
-"

For nonselective absorption found direct proportion between foD and
sunspot activity. For selective absorption note increase of collision
frequency at E peak; attribute to decrease of height. Give formulas for
absorption and compare with those of Bibl, Busch, Rawer, and Suchy
JATP0355 and with Bibl and Rawer JATP--51.
M

DELSEMME, A,., and 1>, Delsemme. The night-sky red line at the equator.
Ann. Geophys. 16, 507-524 (1960). (In French.)

The oxygen red line of the airglcw was observed at Lwiro (20S) for
465 hours during 148 nights betweer December 1957 and April 1959.
The observed intensities were corrected for the contributions of the
extraterrestrial light, the 0 H bands and the continuum. Contrarily to
its behaviour in high latitudes, the red line often goes through a bright
maximum (300 to 900 Rayleighs) around midnight. There exists a
seasonal annual variation with a maximum near March and a minimum
near September. Correlations with ionospherie data entirely confirm the
nocturnal mechanism of the OQ2 dissociative reconmbination in the F2 layer.
They lead to an 02 scale height of 38 km at an altittde of about 310 kin,
which agrees with recent atmospheric models. The surprising behaviour
of the red line intensities at the equator can entirely be accounted for by
the F2 layer behaviour. The nocturnal secondary maximum of ionization
seems to belong to a whole geophysical phenomenon characteristic of the
equatorial region.
PA
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DENISOV, N. G. The absorption of radio waves in resonance regionb of a non-
homogeneous plasma. Radiotekhnikai ElektronikaA, 388-397 (March
1959). (In Russian; translation in Radio Engineering and Electronics.)

The absorption of electromagnetic waves propag:tlng in a plasma in
which the electron concentration is such that one of the refractive indices
is infinite is investigated, both for the case when interaction between the
ordinary and extraordinary waves is neglected and when it is taken into
account. The rec,,lts obtained are discussed with reference to wave
propagation in Lhe ionosphere.
PA

DESSLER, A. J. Th, propagation velocity ofo world-wide sudden commence-
ments of magnetic storms. J. Geophys. Res. 63, 405-408 (June 1958).

The following model is presented for the propagation of a world-wide
sudden commencement of a magnetic storm: A longitudinal hydromagnetic
wave will be generated by the impact between a plasma cloud ejected from
the sun and the earth's magnetic field. This wave will travel from the
point of impact both east and west around the geomagnetic equator and
carry the magnetic effect of the impact wo the back side of the earth. It Is
shown that this hydromagnetic wave will be stable at an altitude of about
400 km and travel with a velocity of about 130 kIn/sec. Thus, it is proposed
that sudden commencements do not occur simultaneously over the earth.
Rather, about two minutes are required for a sudden commencement to be
propagated around the world.
A

DICINSON, A. H. Vertical radiation and tropical broadcastig. J. Brit.
Inst. Radio Engra. 16, 405-411 (1956).

It is suO sted that broadcasting stations in the Tropics serving small
densely populated areas should change to the medium-wave band. National
stations should use short-wave vertical incidence 16-element binominal
arrays; with o kW transmitters these would be capable of serving 90,000
square miles of territory, and frequency sharing Is possible ff co-ohamnel
stations are separated by 1500 miles. The stations require a total of 2 or
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3 frequencies in *he nds 2-1/2, 3-1,/2, 5 and 9 Mc/s depending on
location, but so far as possible the 3-1/2 and 5 Mc/s bands only should be
used. Use of the minimum number of frequency changes assists listeners.
EEA

DIEMINGER, W. Transient fine structure of the E-layer. J. Atmos. Terrest.
Phys. 16, 179 (1959).

"In rocket experiments a rather complicated fine structure of theE-layer
was observed by several groups (AFCRC 1953, NRL 1954, "Skylark" 1958),
and it was maintained that it did not show up on the ground-based ionograms
taken simultaneously. It appears to me that that discrepancy is not a
fundamental fault of ground-based echo sounders but lack of sensitivity of
the specific types used for comparison.

At landau the fine structure of the E-layer is being observed on routine
lonograms since the start of an improved ionosonde in 1950. For example
a typical lonogramn taken in 1952 (DIEMINGER, 1954) shows five stratifica-
tion levels between E and F (Fig. 1). The ionosonde used at Lindau has a
peak power of 10 kW and sweeps the frequency range of from 1 to 16 Mo/s
"within 8, 4 or 2 min. The pulse repetition frequency is 50 c/s, the pulse
"duration 80 jsec. The antenna system consists of three vertical rhombics
used for transmission and reception simultaneously. The normal niode of
operation is with 4 min sweeps since a loss of details is experienced as
soon as the frequency variation is speeded up to 2 min sweeps. It can be
shown that that loss is not due to the detuning effect but to the deterioration
"of the integrated signal-noise ratio. That ratio, however, becomes worse
still for panoramic ionosondes with a total sweep duration of 15 see or less.
Since the selective absorption is very pronounced in the transition region
between E and F it is not surprising that on panoramic lonograms a gap
shows up where an equipment with high power and slow frequency variation
gives a multitude of stratifications.

The variability of the fine structure of the E-layer may be demonstrated
by Fir. 2. TIe records were taken with our standard ionosonde sweeping
the subrange between 2.8 and 4 Mc/s only in quick succession (30 see).
The fine structure of the echoes between foE and fmin F2 is very compli-
cated and varies from one record to the other. Apparently the variation
of virtual height of the intermediate echoes is due to retardation which in
turn varies considerably with the vertical gradient of electron donsity
within the stratification. The multiple structure of the retarded F2-trace
cannot be explained by vertical echoes alone. Doubtless off-vertical re-
flections are playing an important role.
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Thte phenomena may be explained best by a region where the vertical
gradient of electron density varies locally by small amounts, and which
drifts over the point of obbervation. That picture implies of course
horizontal gradients of electron density and tilts of the individual iso-
ionic planes.

The records are taken at random, and ace typical for normal condi-
tions in winter-time. The degree of stratification, howeve'r, is subjected
to large variations. A thorough investigation of the phenomena is in pro-
gress. Full details will be published in due course.
A

DIEMINGER, W., and G. Lange-Hesse. Some F layer phenomena at Tsumeb,
South West Africa. IN: Some Ionospheric Results Obtained During
the IGY, Proc. URSI AGI Committee, Brussels, Sept. 1959. 8-13
(Elsevier Publishing Co., New York, 1960).

The differences between the observed foF2 values and those predicted
at Tsumeb (South West Africa) were discussed. An improvement in foF2
prediction was noticed after the observations of the International Geo-
physical Year have been taken under consideration. However, the effect
of an ionospheric storm was much less in Tsumeb than in Llndau (West
Germany). During the International Geephysical Year work a new anomaly
of the foF 1 value was found in the daily variations at Tsumeb, because
these variations did not quite follow the sun's zenithal angle. The varia-
tion showed, however, regularity during ionospheric storms. The ob-
served results plotted in graphs, show the Fl layer behavior during the
sunspot maximum conditions when the difference between the F1 and F2
layer critical frequencies is very high.
MGA

DOMINICI, P., and F. Mariani. Some critical considerations on the param-
eters h' and fn of the ionospheric layers. Suppl. Nuovo Cimento 4
1589-1592 (1956).

It is well known- that the physical interpretation of the behaviour of the
F2 layte, is very difficult and that the questions connected with the singular-
ities of this behaviour are very Interesting for further progress of the
ionospheric physics.

Our actual knowledge of the ionosphere is based almost only on the datu
obtained by standard methods in the various Observatories by vertical radiu-
tioundings. The behaviour of the lonosphiric layers is obtained from the
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behaviour of the two parameters h' (minimum virtual height of reflection)
and fo (critical frequency of the ordinary ray).
Excerpt

DOUGHERTY, J. P. Some comments on dynamo theory. J. Geophys. Res. 68,
2383-2384 (1963).

We consider briefly the possibility that electrical linkage, through the
exosphere, between magnetically conjugate points, may influence the dy-
namo currents. A very rough estimate suggests that the effect is worthy
of quantitative study.
A

DSIR. Radio pro2agation through New Guinea rain forest. Rept. 8, DSIR
Wellingt~n, New Zealand; Ati'tralian Operational Research Section,
Landfor'ces Headquarters, Melbourne, Australia (1944).

The more important properties of ground aerials of any length have
been investigted both theoretically and experimentally. This treatment,
although detailed in the aspects that it covers, is by no means exhaustive.
It deals mainly with the radiation properties of the aerials considered
i.e. the relation between an aerial with specified physical constants and
the wave it emits or picks up. The associated problem of the effects of
an imperfectly conducting ground on an aerial lying on it is also very
fascinating. By assuming values for the propagation constants of the
aerials considered here, we do not need to consider thi problem.

A few practical points arising in the use of gr'u ,o.rials will now be
considered. With aerials of length less than one quarter the waveletgth
of the wave in the ground aerial, the input impedance is capacitive. The
aerial will, therefore, match easily to meet Army sets since they are
usually designed to feed Into a capacitive or purely resistive impedance.
As the aerial length is further increased, the input impedance becomes
alternatively Inductive and capacitive at intervals of half a wavelength.
The impedance finally (rapidly, if the attenuation In the aserial is at all large)
settles down to a steady ohmic value, the characteristic Impedance of the
line. Twnos, it is neoeasary, In very many cues, to convert the inductive
Input impedance of a ground aerial to a capacitive Impedance In order to
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resonate the aerial system. This is conveniently accomplished by shunting
the aerial with a small condeiiser to the ground terminal of the set. The
value of capacitance required is usually about .0003 I F, but may vary
considerably from this figure.
A

DUBROVSKIY, V. G., and S. A. Kramarenko. Some patterns of the diurnal,
seasonal, and latitudinal distribution of magnetic-ionospheric dis-
turbances. Geomag. Aeron. 2, 614-622 (1962). (In Russian.)

Some characteristics of latitudinal, diurnal, and seasonal distributions
of magnetic-ionospheric disturbances are examined. Hourly values of
f0 F2 deviations in 1952-1953 and 1957-1959 are used as initial data.
Magnetic characteristics are taken from data of ne-ighboring magnetic ob-
servatories.

It is found that the effect of a disturbed geomagnetic field is propor-
tional to the geomagnetic latitude of the observation site. Geomagnetic
latitudes 30*-40' are the boundary zone between mId-latitudinal and
equatorial distribution of ionospheric disturbances. Two types of iono-
spheric disturbances are found: (1) magnetic-ionospheric disturbances
tMat are characterized by a definite relationship to the level of geomag-
netic activity and to the geomagnetic latitude of the observation site, by a
decrease in Af 0 F2 at all latitudes with a maximum inthe polar regions
and a minimum at the equator, and by maximum disturbances during the
equinox and minimum disturbances in winter; and (2) ionospheric disturb-
ances during magnetically quiet days that are characterized by positive
AfOF2 values, increased disturbances at low latitudes and a maximum in
winter at high and middle latitudes.

The presence of a definite positive correlation between magnetic-
ionospheric disturbances and the level of geomagnetic activity testifies
to the corpuscular nature of these kinds of ionospheric disturbances.

The assumption is made that the nature of ivnospheric disturbances on
magnetically quiet days is complex and must be associated with weak solar
corpuscular radiation carrying low.energy particles, avd with processes
in the Ionosphere itself.

A considerable number of papers is devoted to problems concerning the
morphology of magnetic-ionospheric disturbances, and to the patterns of
the geographical, seasonal, Mud diurnal distribution of ionospheric dis-
turbances associated with geomagnetic field disturbances. But the
importance of these problems for the forecasting of radio communication
conditions and for the understanding of processes taking place in the upper
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atmosphere, as well as some uncertainties and controversies in the con-
clusions of various authors require further study in order to generalize the
extensive experimental material accumulated in recent years.

An attempt is made in the present paper to determine the character-
istics of the latitudinal, diurnal, and seasoral distributions of magnetic-
ionospheric disturbances on the basis of available ionospheric data and
data on magnetic activity from ionospheric stations and magnetic observa-
tories in the Soviet Union and India.
A

DUBROVSKIY, V. G., and S. A. Kramarenko, Some additional comments on
the diurnal and geographical distribution of ionospheric and magnetic-
ionospheric disturbance. Geomag. Aeron. 2, 299-301 (1963).
(Original in Russian.)

The study of the diurnal, seasonal and latitude distributions of disturb-
ance of the F2 layer of the Ionosphere which we made earlier [1,21 has
made it possible to draw conclusions relative to the existence of two
categories of ionospheric disturbance, each of which has its special char-
acteristics.

Thus, the disturbed state of the ionosphere.observed at the time of
magnetic storms is characterized by a sharp dependence on the level of
geomagnetic activity and the geomagnetic latitude of the place of observa-
tion with a maximum at high latitudes, a decrease of the critical fre-
quencies of the F2 layer at all latitudes an, a clear seasonal dependence on
the maximum frequency of occurrence of disturbed hours in equinoctial
months. On the other hand, ionospheric disturbance is rather frequently
observed when -he magnetIc field is quiet, and at such times is characterized
by a more eveu geographical distribution, higher values of critical fre-
quency and slight diependence on season of the year.

In order to determine the Influence of geomagnetic activity on the
diurnal distribution of disturbed hours in the F2 layer of the ionosphere,
it wps formerly customary to analyze the diurnal variation of the probabil-
Uy of occurrence of + oF2 and - Af 0 F2 exceeding 20% for days with
magnetic indices 0.0, 1.0, 1.5 and 2.0 for a number of stations in the
Soviet Union and India [1. 21. It was found that the patterns of diurnal
distribution of ionospheric disturbance on magnetically quiet and magneti-
cally disturbed days differ considerably from one another.

We believe that the diurnal variation of Ionospheric disturbance on

magnetically disturbed days (SD(d)) contains In implicit form the diurnal
variations of ionospheric disturbance characteristic for a quiet magnetic
field (SD~q)) (the letters d and q in parentheses indicate a disturbed and
quiet state of the geomagnetic field respectively). In this case, obviously,
4SD = SD(d) 4 D(q) will represent the diurnal variation of magnetic-
ionospheric disturbance, that I., that part of disturbance of the F2 layer
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of the ionosphere that is fully related only to the disturbed state of the
earth's magnetic field. SD(q) variations characterize the diurnal distribu-
tion of ionospheric disturbance in the case of a quiet magnetic field, that is,
in the absence of an obvious corpuscular ionization agent.

Figure 1 a, b shows ASD variations for the mean intensity of positive
and negative values Afo F2 and the probability of occurrence of + Af 0 F2
and - Af 0 F2 exceeding 20%, respectively, computed for the ionospheric
stations Moscow (1), Ashkhabad (2), Abmedabad (3) and Trivandrum (4) for
the period 1957-1959. The corresponding SD(q) variations have been
shown for comparison in Fig. 2, a and b.

FIgure 3 shows ASD variations of the probability of occurrence of dis-
turbed hours in the F2 layer for Tixie (1), Leningrad (2), Moscow (3),
Sverdlovsk (4), Irkutsk (5), Alma-Ata (6) and Ashkhabad (7) for years of
minimum solar activity (1952-1953).

A study of the curves of SD(q) variations shows that the character of
the diurnal distribution of Ionospheric disturbance when the geomagnetic
field is quiet does not reveal a sharp dependence on the sign of fluctuations
of f 0 F2 and the latitude of the point of observation. On the other hand, the
curves of ASD variations, that is, the diurnal distribution of magnetic-
ionospheric disturbance associated with a disturbed state of the geomag-
netic field, reveals a sharp dependence both on the sign of the disturbance
and on the latitude of the point of observation. It is characteristic that
ASd variations of a negative magnetic-ionospheric disturbance, decreasing

in amplitude with a transition to the equatorial regions, maintain positive
values at all latitudes, whereas ASD variations of a positive disturbance,
having negative values in the middle latitudes, change sign at geomagnetic
latitudes 30-40 with transition to equatorial regions. This effect is mani-
fested most clearly in years of m:iaximum solar activity. Thus, the most
pronounced latitude dependence is manifested for a positive magnetic-
ionospheric disturbance, which apparently is due to the well-known effect
of change of the sign of magnetic-ionospheric disturbance with transition
from the middle to equatorial jatitudes.

An analysis of the SD(q) and ASD variations also leads to the extremely
Important conclusion that the pattern of diurnal distribution of probability
of occurrence of disturbed hours and the mean intensity of AfOF2 are
virtually identical.

In our opinion, the proposed classification of ionospheric disturbance
on the basis of its degree of relationship to the state of geomagnetic field
for ionospheric and magnetic-ionospheric disturbances and the introduction
of corresponding designations of their diurnal variations will help In further

research related to clarification of the physical aspects of genesis =.nd
development of magnetic and Ionospheric storms.

As Is known (3, 41, the latitude distribution of critical frequencies
fonF ti characterized by a symmetric variation of the electron concentra-
tion of the F2 layer relative to the geomagnetic oquiator and f0 F2 has a
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minimum in the region of the magnetic equator. The maximum electron
concentration occurs in the region of geomagnetic latitudes 14-18%o The
f0 F2 values increase in the near-equatorial zone at the time of magnetic
storms and this zone approximately coincides with the zone of the foF2
geomagnetic anomaly [5]. The latitude dependence of the probability of
occurrence of ionospheric disturbances in the F2 layer as a function of the
sign of anomalous deviations from the monthly sliding median for mag-
netically quiet (Y'K = 0 - 10, dashed line) and magnetically disturbed
(1K = 35 - 45, solid line) days has been shown in Fig. 4, a and b in the
form of a meridional profile drawn on the basis of ionospheric observation
data for 1957-1959 for the stations Leningrad (1), Moscow (2), Irkutsk
(3), Ashkhabad (4), Delhi (5), Ahmedabad (6), Bombay (7) and Trivandrum
(8), situated between geomagnetic longitudes 120 and 1508 E.

It is characteristic that both when the geomagnetic field is quiet and
when there are geomagnetic disturbances in the near-equatorial region
there is some increase in the probability of occurrence of disturbed hours
in the F2 layer, with a maximum at the geomagnetic latitude of Ahmedabad
- 13.6°N. This effect is manifested most clearly for negative disturbances
and positive disturbances on magnetically quiet days.

The geomagnetic equator and the latitude of Askhabad (30.5°N) are
characterized by a minimum probability of the occurrence of ionospheric
disturbance. Thus, the secondary maximum in the frequency of occurrence
of ionospheric disturbance coincides with the zone of the near-equatorial
geomagnetic anomaly in the latitude distribution of f0 F2 and the minimum
of ionospheric disturbance lies in the transition zone from the equatorial
to the middle-latitude type of ionospheric disturbance. The latter indicates
"that the geomagnetic anomaly occurs not only in the distribution of critical
frequencies of the F2 layer, but in the geographical distribution of iono-
spheric disturbance as well. -

Excerpt

DUDZIAK, W. F., 0. D. Kleinecke, and T. V. Kostigen. Graphic displays of
geomagnetic geonictry. RM 63-TMdP-2, DASA 1372, Contract
DA 49-14$-XZ-109, GE TEMPO, Santa Barbara, Calif. (1 April
1963). AD-404 072.

This report contains sixty maps presenting computational data per-
tilning to the geometric properties of the geomagnetic field and a brief
related theoretical description to make this material more meaninoul.
The maps display (1) the values of total field Intensity (B) sad Moflwatn's
magnetic sh.ll parameter (L) for altitudes frow zero to two thousand
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k" meters, (2) the detailed value of total field intensity near the South
Atlantic anomaly, (3) the traces in both hemispheres of points with a
fixed value of B and L and (4) some other geomagnetic properties. The
description includes tables of the geomagnetic coefficients used and a
description of the codes utlized.
A

_DUENO, B, Characteristics of a peculiar backscatter echo observed at a
frequency of 21.6 mc. p.s. Res. Rept. 1, Contract AF49(638)172
Puerto Rico University, Rio Piedras (1958). AD-211 178.

Inspection of records of a backscatter experiment performed at " e
University of Puerto Rico at Mayaguez has revealed a very interesting
echo which has never been observed at back-scatter stations located on
higher latitude sites. This echo take - the form of a narrow thin line
reflection extending in all directions with its slant range practically
independent of its azimuthal bearing. The bottom edge of the line is
belleved to be due to a focussing effect of the minimal time delay type
proposed by A. M. Peterson in 1951 while the upper -dge is due to a
focussing effect between the skip distance rays and rays at greater angles
of inciderce having the same time delays as the skip distance rays. At
the frequency of operation, 21.6 ir'c, it is observed when the attenuation
of the radio waves is at its highest. The range assumes values between
1000 and 2000 kilometer• defcinding on time of &.e day and season. The
lowest value of rangu, 1000 kms., occurs during the winter months.
Since the thin line echo 2s~.ppeari duaring the bwauier month,:, when it is
observed sporadically, the echo is assumed to be an F-2 ?ayer echo. There
are reasons to believe that, for a given parabolic distribution, with the
greateit half thickness the ,uin line echo should produce the strongest
ocussing effect.
DDC

DUENO, B. Peculiarities and seasonal variations ot transequatorial back-
scatter echoes as observed at MavuAez, Puerto Rico, J. Geophys.
Res. 55, 1691-1698 (1960).

As a result of-a backscatter eqeriment on 21.6, 4o).68, and 49.68
Me!/, it has been observed that long-range trunsecuatorial echoes, which
are most prevalent during the eqenoxial periods, also exhibit a minimum
of transequatorlal actaity durhig the solstitial periods June, July and
December, January.
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The mechanism for the production ef long-range transequatorial echoes
(LRTE) is not well understood. Comparison of our data with National
Bureau of Standards propagation predictions suggest that the echoes may
result from the combined action of the evening equatorial bulge and sizeable
concentrations in electron density at the north and south edges of the bulge.
The large concentration of electron density in the north edge occurs over
Bcgota and Is easily observable in the late evening hours on the 40- amd
50-Mc/s channels aý slant ranges slightly under 4000 km.

From experimental evidence it is deduced that the angle of arrival of
LRTE echoes is quite low and that the propagation mode is such that the
wave stays a short fraction of its total path in the ionosphere. From the
experimental data it is also anticipated that a 60-Mc/s backscatter radar
would see LRTE activity for a very small fraction of time. At this point
it is well to concede that backscatter results are on the pessimistic side
if compared with ordinary one-way tranýmissions used in communication
circuits.
A

DUERO, B. Measurement of Ionospheric drift by radio-star observations.
J. Geophys. Res. 66, 2355-2365 (1961).

Measurements of the fluctuations of the signals from the radio-star
Cassiopeia have been made at Lajas, Puerto Rico. It has been found that
there exists at this location a great increase in fluctuation activity during
Jfu* and July which appears to be associated with the large-scale changes
taking place in the Fs layer during the presunrise period. No significant
relationship between fluctuation activity and El or between fluctuations
and spread F was observed. Measurements of drift velocities by means of
three spaced interferometers have also been made. It has been found that
drift is toward SE in the evening hours and toward NW in the morninI with
transitions occurring at noon and at midnight. About 75 percent of all the
drift measuremetts taken were easily analyzable by Putter's method
This is taken to mean that for 75 percent of the cases the random changes
In the shape of the irregularities were either very small or were taking
place very slowly In time compared with that taken by the Irrogularity to
drift along the three Interferometers.
A

15-_5_--- -



DUENO, B. Interpretation of some sweep-frequency backscatter echoes.
J. Geophys. Res. 68, 3603-3609 (1963).

We obtain a relation for the condition of minimum time delay focusing
for a spherical eartL geometry assuming an ionosphere with a parabolic
distibutlon of ion density. Theoretical curves for the case of sweep-
frequency backscatter (time delay versus frequency) are obtained that
agree well with experimental values. Deductions from theory are made
that explain characteristics of backscatter records obtained at Mayagllez
(latitude 18, longitude 67.5). A frequency-independent coni~ant time delay
(22 msec) backscatter echo frequently observed in the south direction is
explained with the help of an expression for the time delay used in deriving
the minimum time lelay condition.
A

DUFFUS, H. J., J. A. Shand, and C. S. Wright. Short-range spatdal
coherence of geomagnetic micropulsations. Canad. J. Phys. 40,
218-225 (1962).

An experiment designed to measure the coherence of natural geo-
magnetic signals at two stations 10 kilometers apart is described. A
qualitative measurement was performed on a section of I c.p. s. signal
(of unusual occurrence) and a quantitative measurement on a section of
normal daytime record. The coherence tends to be high for moderate
signal levels.
A

DULK, 0. A. Farfdy rotation near the transvee rse on f t "e kere
J. Osophys. Res. 68, 6391-6400 (15 December 1963).

It s hown dt some of the equations, used to describe Faraday rota-
tion awe often mi•terpretd In te ce of propagation trough an m=so-
tropic magnetie field when the cosine of the an& betwem " mtgmale eld
and the wave normal changes sin alog the ray path. Suoh a can is
common whme ran ssio"s ae fram a hbIh-AbItue satellfte in the
region of doe Jspolore In whi/ch the dhwtion at' propagaton s war'ly

Per dicuar to the earth's magnetc field. Uss of the usual equatimns
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can result in misinterpretation of the data. A set of modified equations

is given, and these are shown to be consistent with measured Faraday
rotation. Using the modified equations in a ray-tracing program, we
analyze errors resulting from the use of several approximations near
the transverse region. The approximations investigated are (1) quasi-
longitudinal propagation, (2) straight line propagation, and (3) use of
an effective ionospheric height.

DUNCAN, R. A. Lunar variations in the ionosphere. Austral. J. Phys. 9,
112-132 (1956).

Presents results of analysis of lunar variations of height and electron
density of F2 layer for Canberra, Brisbane, and Washington. Finds
height variation of 1 to 3 km with maximum at 06 lunar hours at moderate
latitudes, and 09 lunar hours at geomagnetic equator. Critical frequency
varies by 2 to 4%, is mawdmum at 09 and 04 lunar hours at moderate and
equatorial geomagnetic latitudes. Assumes a Chapman current system at
lOt-km height causes lunar-geomagnetic variation. Calculates tidal winds
needed to drive the current, the dynamo potential distribution, and hence
the vertical drift of ionization in higher layers. Says divergence of drift
velocity too small to explain lunar variations in foF2. Thinks amplitude
of lunar tidal wind near E layer is about 45 times greater than at ground
level.
M

DUNCAN, R. A. The behaviour of a Chapman lager In the ng!ht F2 region of
the ionosphere, under the influence of Sravity, diffusion, and attach-
ment. Austral. J. Phys. 9, 436-439 (1988).

It Is shown that, in the presence of diffusion, gravity, and attachment,
a Chapman layer, no matter what Its height, maintains its shape, decaying
uniformly with an effective attachment coefficient equal to the true attach-
ment coefficiet at the height of the electron duisity maximum; and thst,
at the same tim, the layer drifts bodily towards an equilibrium height.

It is then shown that a uniform vertical tidal drift will alter the
equilibrium height of a Chapman layer.
A
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DUNCAN, R. A. Computations of elc-tron density distributions in the ionosphere
making full allowance fcr the geomagnetic field. J. Geophys. Res.
63, 491-499 (1958'

Jackson's method oi computing electron density distributions from h'f
records has been modified slightly and adapted for use on an electronic
computer. Reduction of a single h'f record takes about 20 seconds of com-
puter time.

The method makes allowance for the geomagnetic field and is exact
save for the uncertainty about the electron density between ionospheric
layers which is inherent in the method of pulse sounding from the ground.
Rocket measurements (Seddon, et al., 1954) enable a reasonable resolution
of this uncertainty.

Some examples of electron density distribution at Brisbane are given.
It is shown that the night-time distributions are much closer to the
Chapman than the parabolic form. This iq to be expected (Martyn, 1956) in
a region in which the electron distribution is determined by the opposing
processes of downward diffusion under gravity, and a height gradient of
electron decay. The effect of geomagnetic disturbance on the day and night
electron density profile is illustrated and discussed.
A

DUNCAN, R. A. The equatorial F-region of the ionosphere. J. Atmos.
Terrest. Phys. 18, 89-100 (1960).

A comparison of data from ionospheric sounders at Chimbote and
Panama, shows that afternoon critical frequencies in the equatorial zone are
negatively correlated with those on the same meridian in the sub-tropical
belts. This supports MARTYN's suggestion that ionization is transported
from the equatorial zone to the sub-tropics.

The process suggested by MARTYN, electrodynamic lift at the equator
followed by diffusion under gravity along the geomagnetic field lines to the
sub-tropical belts, it investigated quantitatively, and it it showr J1 at the
process can account for the high sub-tropical electron densitie, oaterved.

It it shown that the diurnal variation of the correlation betwcza
Chimbote and Panana critical frequencies, the diurnal variation in the
height, thickness and electron density of the equatorial F-region, and the
diurnal variation of electron density enhancement in the sub-tropics, can
all be ascribed to the simple diurnal electrodynamic tide expected from
tLe observed magnetic variations, in conjunction witb diffusion along the
Pgomanetic field lines.
A
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DUNGEY, J. W. Convective dIffusion in the equatorial F region. J. Atmos.
Terrest. Phys. 9, 340-310 (1956).

This paper discusses the convective diffusion which Johnson and
Hulburt showed could take place across the geomagnetic field in the F
region near the equator. It is shown that the convective diffusion will
increase any irregularities which may be present. The usual formula
for the conductivity is found to be inappropriate when diffusion is in-
volved. The convective motion is regarded as that of a gravity-driven
dynamo and its speed is con;rolled by the current flowing along the lines
of force into lower levels of the ionosphere. The speed is found to be
inversely proportional to the east-west scale of the irregularities, and for
a scale of 100 metres may be a tew metres/see.
PA
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ECKEUSLEY, T. L., and 1. G. Millington. The limiting polarization of medium
waves reflected from the ionosphere. Proc. Phys. Soc. 51,
110-128 (1939).

A method is described of measuring the polarization of a downcoming
wireless wave which has been reflected obliquely from the ionosphere.
Two rotatable crossed loops are adjusted to be in quadrature by dephasing
one forwards and the other backwards 450 from resonance. With the usual
goniometer technique the search coil gives zero pick-up when the tangent of
the angle at which it is set is equal to the ratio of the axes of the projected
polarization ellipse, and the frames are turned so that their planes are
along the axes of this ellipse. Results obtained on medium-wave broad-
casting stations are compared with ellipses calculated on the magnetolonic
theory for an assumed angle of emergence and direction of the earth's
magnetic field. The comparison shows that, within the present accuracy of

the apparatus, the absorption due to electronic collisions does not appre-

ciably affect the limiting polarization of the emergent wave, and sets an
upper limit of 106 per sec. to the collisional frequency in the region where

the polarization assumes its limiting value. The experiments also suggest

that the ratio of the number of ions to the number of electrons in this region
is not greater than 10,000, and further work with increased accuracy should

give valuable information relevant to the inclusion of the Lorentz term in
the magnetolonic theory for the E layer.

A

EGAN, R. D. Radar investigation of field-aligned irregularities located within

the ionosphere at the magnetic equator. Paper presented to URSI Fall

Meeting, San Diego, Calif., Oct. 1959.

No abstract available

EGAN, R. D. Anisotropic field-aligned ionization irregularities In the
1ono--re near the magnetic equator. J. Geophys. Res. 66# 2343-358
(1960). Similar material was submitted as a thesis to the Department
of Electrical Engineering, Stanford University (Dec. 1969).

During the 1908-1959 International Geophysical Year, a three-frequency,
swept-azimuth backscatter sounder was operated by Stanford University at

Huancyo, Peru, in cooperation with the Insitto Geof ico do Huancyo.
An unusual echo, which has been shown to be due to the presence o! field-

aligned ionization irregularities in the ionosphere, was discovered early in
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"the program. These equatorial scatter echoes ýEqS) a'e observed on over

90 per cent of the days (at 18 and 30 Mc/s) and exhibit a diurnal variation

very similar to that of the equatorial electrojet. By means of the back-

scatter pulse observations, in conjunction with the Booker theory of back-

scattering from anisotropic field-aligned irregularities, it has been

"possible to determine the size and extent of the scattering region. The

E -region echoes originate at heights between 100 and 140 km. At times,

however, the upper limit may extend to 200 km or more. F-region echoes

have occa0onally been observed which appear to originate at heights cor-

"responding to the maximum ionization density of the layer. Observations

of the strer.gth of the EqS echoes indicate that the mean square fractional

deviation of tho electron density (AN/N) 2 is between 10-2 and 10-5. The

discevcry of the presence of equatorial field-aligned ionization irregu-

laritieb has made it possible for the first time to describe adequately a

rmo~ber of equatorial ionospheric phenomena, including the mechanism. of

'eqna sal-type' sporadic E.

ECADOJ. Oni As lunar-diurnal variation in the earth-currents. Terrest.

Mag. AtB. lec. 42, 179-.181 (1937).

in e'ai•.nig earth-potentials at Jersey Marc Dechevrels twenty years

apo found variaions of tidal type, and in examining ordinary earth-current

observatimUb the aathor demonstrated a lunar influence on the earth-current

lowing a oamplet- determination of the lunar-diurnal variation of the earth-po..... , -- •--.t at Ero. Spani for the hours 10 to 11 a.zu. In the fol-

current pointial-grLadient will be mentioned and discussed.

A

EGEDAL, .J. The m pnetic diurnal variation of the horizosofltl force near the

Snetic equatr. Terrest. Mag, Atmos. Elee. 52, 449-451 (1947).

In a cam Udatiltofl to the Edinburgh Mari~tng of the Association of

Terrestrial MU•mgusm &W .lectriflty, Dr. A. G. McNish has given the

results from = mitlysis of the diurnal variations of the magnetic elements

for five olmervakter~t in the Western Hemisphere. in this analysis a"s the

diurnal variatam at Huanep- are usd. McNish point, out that the estab-

lishm•nt of the observatory at Huancayo "has led to the diovery of mag-

netic diurnal vartatosu markedly different from thmee expected for such a

region." In using th.. now data from Huacayo the analysis of MCNish has

become of great value. McNish makes it clear, that older analysis of
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magnetic diurnal variations are not able to represent the diurnal variations
at Huancayo, and that "more terms would have been needed to fit com-
pletely the horizontal components".
A

EGEDAL, J. Daily variation of the horizontal magnetic force at the magnetic
equator. Nature 161, 443-449 (1948).

In a communication on the daily magnetic variation to the Edinburgh
meeting, 1936, of the Association of Terrestrial Magnetism and Electricity,
A. G. McNish states that the establishment of the magnetic observatory at
Huancayo has led to the discovery of a daily variation of the horizontal
force (H) "markedly different from those expected for such a region", the
amplitude being more than twice the value found from the analysis of

S. Chapman.
McNlsh has based his investigation on the assumption that the daily

variation depends on magnetic co-ordinates, and points out that the daily
variation of the declination varies considerably in a very narrow region at
mag. lat. 0. The great daily variation uf H at Huancayo is explained as an
augmentation of the normal varying field originating from special circum-
stances. For Huancay-,y this augmentation, which is increasing when thi
distance of the magnetic equator from the geographic equator is increasing,
is great.

The present note gives the results from an examination based on the
assumption that the daily variation depends on the distance of the place of
observation from the magnetic equator (magnetic inclination = 0). The
examination is made for H using the total range of the daily variation for
all days (September) corresponding to mean sunspot number. The data are
given in the table, namely, names of observatories, geographic

co-ordinates, magnetic inclination and the total range of H.

Total Range of Daily Variation of H

Station _ Mag. inclination Total rang

Alibag 18.ON. 72.9W E. 24.4' 38.5
Antipolo 14.6 N. 121.2 E. 16.2 45.5
Madras 13.1 N. 80.2 E. 7.6 49,5
Kodaikanal 10.2 N. 77.5 E. 4.3 82-5
Batavia 6"2 S. 106.8 E. -31-6 52.3
Huancayo 12.0 S. 284.7 E. 2.3 125.0

In the accompanying diagram the variation of the total range of H with
the magnetic inclination is given. The application of geomagnetic

co-ordinates has been avoided in this case, for the magnetic field at the
place-and not the mAgnetic field of the earth as a whole-is the deciding factor.
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In accordance with the assumption, the curve has been drawn
symmetrically to the line corresponding to the magnetic equator. The
curve suggests the range is great only for a strip of land about 300 km. to
both sides of the magnetic equatcr. Th7.Z augmentation at the magnetic
equator of the normal daily variation of H may therefore arise from a vary-
ing electric current flowing in a very narrow zone above the magnetic
equator at a height of the same order as the E layer. The values of the
total range of Huancayo and Kodiakanal are in agreement with the above
explanation of the augmentation of the amplitude of the daily variation of
H, but this is not the case as regards the values for Madras and Antipolo,
for which observatories there seems to be no addition to the normal daily
variation.

It should be added that E. V. Appleton in a recent communication has
shown the existence of a marked minimum in the F2 layer critical fre-
quency at mag. lat. 0. Possibly a connexion exists between this phenome-
non and the augmentation of the variation of H at the magnetic equator.

However, more observations of the daily variation of H from stations
near the magnetic equator are needed before a complete representation of
the variation with the magnetic inclination can be given. Further, it may
be desirable to examine the special electriJ conditions in the atmosphere
over the magnetic equator by means of radio investigations.

EGEDAL, J. Report of committee to promote observations of daily variation
of the horizontal magnetic force between and near the geographic and
magnetic equators, 1948-1951. Terrest. Mag. Elec. Bull. 10,
286, 61 (1951).

The Committee was appointed at the Oslo Assembly in 1948. Its
members are: Banerji, Berlage, Coulomb, Egedal (Chairman), Giesecke,
Herrinck, Lutzow-Holm, Madwar, Martyn, McNish and RomaU.

The task of the Committee is in the first line to organize observations
of the range of the d.ily variation of the horizontal force for different
longitudes at stations about 150 km apart lying in a N-S line crossing the
magnetic and geographic equators with at least three stations lying outside
the area between the two equators, as well to the north as to the south. A
further extension of the task of the Committee might be the establishment of
provisional or permanent observatories in places suitable to the purpose
where not only magneti '*,'t also ionospheric measurements, should be
made. As to the esta-1t ;ahnent of permanent observatories, a collaboration
with the "Committee on selection of sites of new observatories for terres-
trial magnetism Pad electricity" would be necessary. The Committee has
only taken up the arrangement of observations. In most cases members of
the Committee have been active (Togoland, South America, Gulf of Guinea
and India). The observations have ordinarily been made by means of QHM's
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belonging to the Association. Through Circular Letters the members have
been informed of the work of the Committee. Two of these Circular Letters
have, in accordance with the wish of the Editor, been published in the
Journal of Terrestrial Magnetism and Atmospheric Electricity, and Journal
of Geophysical Research (vol. 53, 470-476 (1948); vol. 55, 98-100 (1950)).
Excerpt

ELLING, W. Reflecting properties of the ionosphere between 350 and 1500
kc/s at Tsumeb. IN: Some Ionospheric Results Obtained During
the IGY, Proc. Symposium URSI/AGI Committee, Brussels, Sept. 1959,
252-259 (Elsevier Publishing Co., New York, 1960).

Three types of ionographs have been obtained at Tsumeb: the sporadic
E type with no retardation at the low frequency end of the F echoes; the
intermediate layer type between E and F at a height of 150-230 km and
assumcd to be thick because of distinct retardation for the immediate and
F echoes; the normal E layer with distinct retardation of the low frequency
end of the F echoes corresponding to the critical frequency of• the normal
E layer. The night time decrease of the critical frequency of the E and the
intermediate layer were plotted as function of time after sunset. Several
diagrams present the frequency occurrence of echoes originating from
different layers for different frequencies. The reflection loss in db on
830 Kc as a function of reflection height was investigated and plotted in
graphs.
MGA

ELLIS, G. R. Measurement of the gyro-frequency in the F rer :n. J Atmos.
Terrest. Phys. 11, 54-58 (1957).

This paper describes a method of measuring the F -region gyro-frequency
from P'f records, using the relation fH = fx - fz' The observed values ol
the critical frequencies must be corrected for errors arising from lateral
deviation and horizontal gradients of critical frequency.

It ti shown that the lateral deviations of the 0, X, and Z modes,
calculated with an approximate val'e of 1H, and the observed values of
fx, fo, and fz, provide sufficient information to obtain bu t.he horizontal
gradient of critical frequency and the gyro-frequency. The results of an
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analysis of P'f records obtained at Hobart, Tasmania, are given. It was
found that at a mean true height of 378 kin, the mean gyro-frequency was
1.53 Me/s, compared with an extrapolated value, using ground parameters,
of 1.40 Me/s.

AA

ELLYETT, C. D. Echoes at D-heights with special reference to the Pacific
Islands. J. Geophys. Res. 52, 1-14 (194'l).

Describes 1,302 observations of echo at equivalent height 50 km
observed at Pitcairn Island. Reflection usually between 2. 5 and 5.0 Mc/s,
was seen 65% of time during day, had summer and winter minimum of
activity, and approximately 1/3 strength of E -region echo. Describes
similar echoes observed at Raoul Island and Christmas Island. Considers
them D-region echoes possibly characteristic of tropical region.
M

A

ESTRABAUD, S. Effects of the solar eclipse of Feb, 25, 1952, on the
ionospheric F2 region in equatorial Africa. Compt. Rend. 235,
1521-1523 (1952). (In French.)

The detailed history of the development of the eclipse as regards its
effects on the F-layer is traced. The eclipse shows considerable analogies
with that observed at Huancayo on Jan. 25, 1944, and supports the hypothesis
that the F2 region consists of 2 layers, designated X and G. These are
normally amalgamated as a shigle thick layer, but In eclipse the upper (G)
component ("old F2" layer) is little affected, whereas the X component
("new F2" layer) siffers a decrease of ionization and appears as a new
layer in the F1 region. It is suggested that the G component may be due to
coronal or corpuscular radiation.
PA

FSTRABAUD, S. Influence of the solar eclipse of February 25, 1952, on the
ionospheric E region in equatorial Africa. Compt. Rend. 236, 833-835
(1953). (In French.)

Results of ionospheric soundings made at Bangui (4` 221N, 18 36'E).

While the critical frequency of the E2 regiou decreased markedly at the onset

166



uo the eclipse, the precise time at which the effects of the eclipse
commenced in the El layer is certainly between 5 and 20 min before first
contact. This maý be interpreted by postulating the existence of two active
regions on the sun. The relation between the solar zenith angle (k) and
electron density (N) may be written N1 .6cos-1) const. and P'ree differ-
ent interpretations of this are considered.
PA

EVANS, J. V., and G. N. Taylor. The electron content of the ionosphere
in wintt-. Proc. Roy. Soc. A 263, 189-211 (1961).

Observations at two closely spaced frequencies of the Faraday rotation
of moon-reflected radio waves are described. These measurements have

provided accurate values for the total electron content of the ionosphere
for many hours on successive days. The ,'bervations reported here span
a period of one month during the winter of 1960. Short-period fluctuations
of the total electroii content were observed. These were of about 2 to 3% in
amplitude and occurred chiefly during the day-time. The gross shape of

the F2 region as determined by the rati t the number of electrons above
the F2 peak to the number below was roughly constant during the day, but
showed a wide scatter of values Pt night. The scale height of the ionizable
constituent at the F2 peak was found to be about the same as that of the
neutral xarticles during the day, indicating almost complete mixing. At
night, the scale height oi the ionizable constituent appeared to increase
with the planetary magnetic index Kp. It is not possible to say if this was
the result of heating of the region or the consequence of electro-dymamic
adrifts.

EVANS. J, ', Radar methods of st n& the earth's ionosphere. IN: Physics
of the Solar System. Pa; . I. Proc. Conference on Physics f the
Solar •rste'n rP- Reentry Dynamics. 31 July to 11 Aug. 19632, Virginia
Plytychr. Institute, Blacksburg, Va.,, 166-209.

Recent srudict W' the Ionosphere are revtewtA to compare their resul•s
to preier, thoo-'.14v of the F region. The methjds used in these studies
include radar retlitiofs from the moon and radar incoherent sctter.

While these methWý ..4ove not furnished a wealth of results comi-mrable with
those o• ,o.•osf nd. .1e studies support the theory for the F2 region
advanmei by Yonei.awa. It Is shown that a small modification of the theory

prorosed by tUe Camrn'Wge groc-p will yield a hypothesis which is cwNdble of
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accounting for (a) the diurnal variation of the F2 region, (b) the geomagnetic
anomaly, and (c) the temperature latitude winter anomaly.
STAR

EYFR1G, R. The problem of the diurnal variation of the electron den!ity of the

E2 layer at equatorial stations. Naturwissenschaften 37, 67-68
(1950). (In German.)

The equinoctial diurnal variations in F2 layer critical frequencies for
3 equatorial stations (Huancayo, Bandoeng and Palau) are briefly considered.
It is suggested that the flattening of the diurnal curves over the mid-day
periods (observed at Huancayo and Palau) may be ascribed to geomagnetic
influences and furthermore that the characteristic summer diurnal varla-
tions for higher latitude stations may also he attributed to such causes.
PA

EYFR2IG, R. )unar effect on the median height of the ionospheric F, ayr
Compt. Rend. 235, 736-737 (1952). (In French.)

Brief note on diurnal and seasonal variation in the height of the (M 3000)

F2 factor at Huazicayo, Peru and Freiburg, Gernany. An analysis of values
of the factor obudood at the two places indicates that marked 12-:our
pesiodicity (with an amplitude of +3%) showing maxima at lunar noon, and
midnight exists at iHuarruyo from Nov. to 'reb., while no similar lunar
effect could be found at Freibuarg. More conclusive results can be expected
from more accur'ate mtusuremeiats nidch are being conducted now at the
latter place.
MGA

EYFRIO, R. Contribution to the study A the effect of geomagnetism on the
F1 la4er Compt. Read. 241, 759-781 (1955). (in French.)

Results for varioun stations show that on the magnetic equator f0 Fl in
a minimum (as reported by Obosh, 1955), h'F I in a minimum, and the
factors M3tI00-ElI and F1-3000-MUF ha,. maximum values.
PA*

LYFRIG, R., E. liarnischinachar, and K. Rawer. The worldwide
characteristics of the height of the F2 laer Geofts. Pura Appl. 33,
153-102 (1958). (in German.)

On the worldwide behavior of the boight of the F2 layer. Plot maps of
MUF factor M (3, 000) (a paraumeter varying inversely with altiLude of F2
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layer) for latitudes from magnetic equator to Ottawa, all in Americas. Find
daily minimum on magnetic equator; sunrise maximum and daily maximum
at geographic latitude of about 40( N. As solar activity increases M values
generally decrease.
M

EYFRIG, R. A critical discussion about special ionospheric characteristics.
J. Atmoe. Terrest. Phys. 11, 163-176 (1957).

Uses examples showing tlat measurements of MUF (3, 000ý F2 are
unambiguously related to change of solar activity only kcr limited regions
of earth. States M (3,000) values presently reported at dliierent stations
are too contradictory to justify worldwide examination. Finds strictly
linear relations at well-established stations of Washington, Slough,
Huancayo, Brisbane, Christchurch, and Johannesburg. Stresses that exact
height statements are urgently needed.
M

EYFRIG, R. The geographical distribution of ionization and the equator of the
K2 layer. J. Geophys. Res. 67, 1678-1682 (1962).

Results obtained from Ionospheric stations at low latitude during World
War U1 enabled Appleton 119461 to formulate the hypothesis of a minimum of
ionization txisting in the vicirity of the geomagnetic equator. A more
detailed description has been given by Maeda, Uyeda, and Shinkawa 119461,
by Bailey 119481, and since that time by many others. The test made by all
of them was to plot the observed data as a function of geomagnetic latitude.
Later it was found that the magnetic dip angle gives better agreement
[Eyfrig, Harnlischmacher, and Rawer, 19501.

The lack of stations in the oceanic regions of the world made It diffi-
cult to test Appleton's discovery all over the globe and to determine an
'ionospheric equator.' Only during the IGY were enough stations estab-
lished in the vicinity of the magnetic equator, so that now we have more
exact information on the behavior of the F1 layer.
Excerpt

EYFRO, . W.Theeffect of the magnetic declination on the b, laer
J. Geophys. .es. 68, 2529-2530 (1963).

Appleton 119461, Bailey 119481, and other workers proved that the
critical frequency of thd, F2 layer (foF2 ) and other characteristics of this
layer are controlled by the magetic field of the earth. They demonstrated
that results compiled all over the globe are cleairly dependent on the mag-
netic latitude or on the magnetic dip. Repeating their tests with the results
of the past twenty years we have found some anomalies, which are known
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in the literature as the 'Siberian effect' or the east-west coastal anomaly
in the United States and elsewhere. In this region for a given magnetic
dip there is a great dispersion of the noon and midnight values of f0F 2 ,
particularly in local summer.

We have found that the daily variation of f iF2 is typically different and

varies with the magnetic declination of the station [Eyfrig, 1962] Figure 1

"shows a typical example of the influence of magnetic declination on two
stations in the western hemisphere. The two stations, St. John's and

Victoria, have practically the same latitude, magnetic dip, and value of

com I/F (I = inclination, F = total field), but a different declination:

290W aud 250 E, respectively. The diurnal variation is quite different,

St. John's (declination west) exhibiting an enhancemcnt of f 0F2 in the even-

ing and night hours whereas Victoria (east) has a 'winterlike' behavior with

a maximum near noon. A similar difference in the diurnal variation is

found all over the northern hemisphere. The noon values of f0F 2 can be

largely different too. Figure 2 shows results for stations in Europe and
Asia.

We have further found that the amplitude of diurnal variation of
f0F 2 (f0 F 2 max/f 0F 2 min) is contrd-I,.,id during summer months by the

magnetic declination; see, for example, stations listed in Table 1. Figure

3 gives evidence that this effect is much smaller for, stations of western[] -,than for stations of eastern declination.

Testing stations of the southern hemisphere in the same manner, we

have found that the depression of the noon values occurs here in the region
of eastern declination. This means that a reversal of our effect takes
place near the geographic or geomagnetic equator. Cable 2 gives a survey

of the controlling Influence of tLe magretic declination all over the globe.

Considering that the magnetic decimation has a secular variation, our

effect gives a slow but permanent alteration of the diurnal variation of
1 0 F 2 at a fixed station, even when solar activity and magnetic character

are equal. We may epeak of a secular vrriation of f0F .
The influeace of the magnetic declination upon t0 Aturnal variation of

f0 F2 is so strong that a theory taking no account of the magnetic declina-
tion as a parameter of control will fail to describe the features of the F2

layer. We believe that a complete theory shoued include dynamical 2
features. For the description of ionization we propose a general formula
including latitude magnetic Inclination and declination.

A complete paper describing teats in detail will be published ini Annales de Aphysique,

Excerpt
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FARLEY, D. T., Jr. A theory of electrostatic fields in a horizontally strati-
fied ionosphere subject to a vertical magnetic field. J. Geophys.
Res. 64, 1225-1233 (Sept. 1959).

A theory is developed to describe quantitatively the idea that in an
ionized gas subject to an imposed magnetic field, such as the ionosphere,
the lines of magnetic flux are approximately equipotential lines. The lono-
sphere is assumed to be horizontally stratified, and the case in which the
earth's magnetic field is vertical is considered. Small-scale electrostatic
fields are studied with a view towards elucidating the phenomena of spread
F and radio star scintillation.

The analysis indicates that in the ionosphere the results are strongly
affected by the variation of conductivity with height, as well as by the
anisot xopy. For a reasonable model of the ionosphere it is shown that it is
possible, under certain conditions, for a horizontal field three kilometers
or larger in extent, at a height of about 120 or more kilometers, to produce
a similar, locsalized electric field in the F region, not appreciably reduced
in strength. The Jaight of the source is the most important factor, but the
temperature and ioniation-density profiles are also significant. The fact
that the strength of the small-scale fields in the F region could vary by one
or two powers of 10 for plausible diurnal variations of the ionospheric
parameters suggests that these fields could perhaps be responsible for the
puzzling diurnal behavior of spread F and radio star scintillation.
A

FARLEY, D. T., Jr. A theor of electrostatic fields in the ionosphere at non-
polar geomagnetic latitudes. J. Geophys. Res. 65, 869-877 (1960).

The theoretical electrostatic coupling between the dynamo region and
the F region of the ionosphere is examined at non-polar geomagnetic lati-
"tudes. It is found that, under certain conditions, significant coupling be-
tween these two regions can occur at all latitudes, even for electrostatic
fields with horizontal scude sizes as small as a few kilomi -s. The coup-
"ling is strongest at the poles and weakest at the equator. mrong coupling
will also occur between magnetically conjugate portions of the F region,
while weaker but significant coupling will e"LA between conjugate portions
of the dynamo region.

The strength of the electric source field which would be produced by an
irregular, horizontally stratified wind in the dynamo region is then com-
puted, both for polar andufor nonpolar latitudes. The results indicate that,
to a large extent, the polarization charge that the local winds attempt to
build up leaks away vertically and forms closed current loops. In other
words, the 'internal impedance' of the thin source layer is greater than the
'load impedance' presented by the rest of the ionosphere.

171
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Finally, the possibility that electrostatic fields may cause zlg=ffcunt
electron-density var!ttions in the F region is examined briefly. It is con-
cluded that they will not.
A

FARLEY, D. T., Jr. A plasma instability resulting in field-aligned irregu-
larities in the ionosphere. J. Geophys. Res. 68, 6083-6097 (1963).

A theory of the two-stream ton wave instability in a plasma is devel-
oped that takes into account both the effect of collisions of the ions and
electrons with neutral particles and the presence of a uniform magnetic
field. Applying the results to the ionosphere, we find that irregularities
"of ionization density should arise spontaneously in regions in which a suffi-
ciently strong current is flowing normal to the magnetic field lines. These
irregularities will be strongly aligned with the magnetic field and may have
a wide range of wavelengths. The various predictions of the theory are in
agreement with the observed characteristics of certain field-aligned irregu-
larities found in the equatorial ionosphere that are associated with the
equatorial electrojet. Similar irregularities often appear in the polar iono-
sphere during auroral displays; it seems very likely that these are caused
by the auroral electrojet.
A

FARLEY, D. T., Jr. Two-stream plasma instability as a source of lrregu-
-"laritis In the ieosphee. Phys. Rev. Letters 10. 279-282 (1963).

The purpose of this note Is to describe an extension of the theory of
the two-stream plasma Ion wave instability and an application of the theory
to the physics of the ionosphere. We shall include In the theory the effect
of a magnetic field and also the eeffct of collisions with neutral particles.
Both of these effects can be important in the ionosphere. We find that the
qualitative and quantitative predictions of the theory are in agreement with
the observed characteristics of a certain type of bIregularity found in the
equatorial ionosphere. These are often referred to as "equatorial sporadic-
E" irregularities. Similar irregularities often appear k the polar iono-
sphere during asrorau displays; it seems very likely that these too are
caused by the two-stream instability.
A
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FEJER, J. A. Semidiurnal currents and electron drifts in the ionosphere,
J. Atmos. Terrest. Phys. 4, 184-203 (1953).

The differential equations of the dynamo theory for the terrestrial
ionosphere are solved numerically under simplifying assumptions.

The calculated current densities are used to estimate tidal velocities
in the ionosphere necessary to produce the quiet day magnetic variations.
A tidal amplification of about 60 compared with velocities on the ground is
calculated.

The calculated velocities and phases of vertical electron drifts are in
reasonable agreement with experimental determinations of lunar tidal
variations in measured virtual height of the different ionospheric layers.

The calculated velocities and phases of horizontal electron drifts fit
observations on long duration meteor echoes but the calculated phases are
opposed to those obtained from fading measurements. The fading measure-
ments appear therefore to refer to air movements and not to electron
drifts.
A

FEJER, J. A. The interaction of pulsed radio waves in the ionosphere.
J. Atmos. Terrest. Phys. 7, 322-332 (1955).

Preliminary daytime measurements o1 radio-wave interaction in the
lower ionosphere with pulse transmitters are described. Interpretation
of the results with the aid of the theory of Bailey and Martyn (1934a, 1934b,
1935) yields the collision frequency, the electron density, and the enery'-
loss coefficient G.

The resulting collision frequencies are in substantial agreement with
results based on laboratory measurements by Crompton, Huxley, and
Sutton (1953), and with a value obtained from the observation of partial
reflections by Gardner and Pawsey (1953). The electron densities are
near the values %A Gardner and Pawsey. The value obtained for Gis very
much higher than those resulting from laboratory measurements (Cromp-
ton. Huxley, and Sutton, 1953). The latter apply, however, to higb excess
electron energies, while the excess electron energy during the present
measurements was low.

The results of the observations described In this paper appear to lend
support to the orignal form o the theory of Bailey and Nlartyn and not to
its alternative development recently suggested by Huxley (19M3).
A

FEJER, J. A. Theoy of auroral electroJets. J. Ceophys. Res. 68 2147-
2157 (19M3).

Two mechanisms are described for the formation of electrojet cur-

rents in the auroral zone. Both mechanisms require the existence of
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,nagnetospherie convection in which only particles of relatively low energy
participate. It is essential to both mechanisms that particles of one sign
(positively or negatively charged) should predominate among the energetic
ones that do not participate in the convection of the magnetosphere. In the
first mechanism the convection of the magnetosphere is taken to be of tidal
origin, driven by the electric polarization fields associated with the dynamo
current systems. IA the second mechanism the convection is assumed to
be the corotation of the magnetosphere with the earth, as modified by the
solar wind that distorts the geomagnetic field. In both mechar.isns the
ionospheric currents are a consequence of the relative motion between the
less energetic particles that almost fully participate in magnetospheric
convection and the more energetic particles whose adiabatic drift motion
across the magnetic field is only slightly perturbed by the electric fields
associated with the convection of the magnetosphere. If the particles that
do not participate are assumed to be the trapped energetic protons observed
by Explorer 12 during magnetically quiet days, either mecharism predicts
variations of the order of ±50Y in the horizontal compone it of the geomag-
netic field at auroral latitudes.
A

FFJER, J. A. Theories of the ionospheric F region. A review. IN: Land-
mark, B., ed., Advances in Upper Atmosphere Research. NATO
Advanced Study Institute, Corfu, 'uly 1960, AGARD. 209-226 (Mac-
millan Co., New York, 1963,.

Observations of the F layer have provided the ionospheric physicist
with many surprising results. A summe-y of these rery complex results,
first for magnetically quiet and then for disturbed periods, Ms been given
in one of the present series of lectures. A common aspect of the p'azzllng
features, often called anomalies, of the F layer is that they caniot be ex-
plained by the cWarturisavul the ivlding radiaiuo onluy. In 1Mbi t!&I*Ct
the F layer and particularly its upper part, the F2 layer appearb to differ
from the E layer which responds rather closely Ir a manner precicted by
simple theory to the changes in ionizing radiatiom, caused for .x•nm•le by
changes of the solar zenith angle or of the sun spot number.

One of the nuai reason* for this peculiar behaviour ol the F layer Is
belleved to be the very munw4 lower rate of decay of ionization in it. ha the
E region this decay time Is less than an hour while in the F2 region decay
takes mny hours.

The first and monst obvious consequence of this slower decay is a con-
siderablo time lag bet•veen the diurnal variation of the ionizing radiation
and the ionlzation density. The second and c . wn more important conse-
quenC' Isi the poasibilP,• of a redistributlim of the lonkzatlon by movements
beft'e it disappears by one of the many possible loss processes. In viev,
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of the nature of the stratification vertical movements are particularly
(though not exclusively) important in this respect.

Movements of ionization in the F region can have at least three differ-
ent causes. The first of these is diffusion which tries to establish a hydro-
static equilibrium in the ionized component of the earth's atmosphere in
the presence of the earth's gravitational field. In view of the existence of
the ionized layers such an equilibrium is never present below the height of
maximum ionization and diffusion tries to bring it about.

The second possible cause of movements of ionization Is the existence
of electric fields acting in combination with the earth's magnetic field.

Finally the third possible cause is the existence of a wind (a motion of
the neutral particles) within the F region. Movement of ionization is caused
by the component parallel to the geomagnetic field of such a wind.

A satisfactory theory of the F layer would therefore require a know-
ledge of the rates of all ionization and loss processes in addition to a know-
ledge of the electric fields and winds. Our knowledge of these quantities is
at best incomplete and therefore existing theories are still of a very tenta-
tive nature. Great advances have been made however and it is the purpose
of this lecture to describe them.

It is convenient to start with the magnetically undisturbed F region.
Considerable progress has been made recently in the determination of the
rates of ionization and loss processes using improved methods of deriving
the electron density profile from ionosonde records (Ratcliffe l.
1956). Our understanding of the nature of the so-called dyr.amo current
system and particularly our knowledge of the electric fields associated with
this current system have also increased. The great importance of drifts
caused by these electric fields in the F region was first pointed out by
Martyn (1948). A quantitative analysis of the effect of these drifts on the
undisturbed F layer has been carried out by Japanese workers.

The methods used by these workers have been extended to the explana-
tion of ionospheric storms in terms of the SD current system although
there is at present no agreement on the causes of this current system it-
self.
Excerpt

FERRARO, V. C. A. Magneto-hydrodyrnamics. Nature 176, 234-237 (6 Aug.
1955).

The paper is an account of a discussion at the Royal Society on May 5,
1955. It dealt with motion of a conducting fluid in a magnetic field, e.g.
currents in the Ionosphere and solar atmosphere. The aurora and equatorial
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electrojet are other examples. The discussion also covered toroidal fields,
generation of magneto-hydrodynamic waves in rare ionized gases, hydro-
magnetic turbulence (with exchange of energy between velocity field and
magnetic field), etc. Calculation of the acceleration of cosmic-ray parti-
cles by the galactic magnetic field gave an acceleration time of 106 yrs,
comparable with the mean life of the energetic particles.
MGA

FERRARO, V. C. A., J. E. C. Gliddon, and P. C. Kendall. Effects of diffu-
sion of electrons near the magnetic equator. Nature 188, 1017-1018
(1960).

The authors discuss the latitude variation of electron density in a mod-
el F2 layer which takes account of production, loss and vertical diffusion of
ionization. Their curves show a flat maximum at the magnetic equator,
contrary to the conclusion of Schmerling (1960) that vertical diffusion could
give rise to a minimum of electron density at the eqt,~,Lr; reasons for this
discrepancy are discussed. They conclude that the equatorial anomaly of
F2 layer electron density is caused by processes not included in their mod-
el, such as horizontal diffusion.
PA

FERRELL, 0. P. Enhanced trans-equatorial propagation following geomag-
netic storms. Nature 167, 811-812 (1951).

Report on successful radio amateur communication in Oct. - Nov..,
1949, on frequency of 50 Mc/s between N. and S. America, during, or
shortly after. moderately severe, or severe geomagnetic storms, Indicat-
itrg enhanced F2-lay,'ir ionization In equatorial regions at such times.
PA

FERRELL, 0. P. Very-hko-frequency apragtion in the equatorial region.

_u i u _p~

Paper presented before U tRSI Spring Meeting Washington, D. C.
16-18 April 1951.

"Radio amateur observations in the freqtNency range 50.0-54.0 me are
being collected throughout the Western Hemisphere. Sky-wave propagation
In the geographic tropical zone may be divided into three categories, which
are: (1) sporadic-E reflections; (2) F2 -layer reflections, particularly as-
sociated with e o2-ospheric storms in the temperate lattudes; (3) post-sunset
F2 -regiog scatter. The effect of these modes upon vhf propagation are
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summarized with particular emphasis placed upon the hitherto unreported
post-sunset scatter. The results of the present study indicate that the
scattering is observed over fairly long paths, but is restricted to those
months around the equinoxes.
Proc. IRE

FINNEY, J. W., and E. K. Smith. Report on the IGY oblique-incidence
sporadic-E and F-scatter program. NBS Tech. Note 48, National
Bureau of Standards, Boulder, Colo. (March 1960).

The IGY Oblique-Incidence Sporadic-E Measurements program was
instigated to test the longitude effect in temperate zone sporadic E. To
accomplish this two C"W ou Mc circuits, both approximately 800 miles in
length, were installed, one betwecn the Philippinel and Okinawa in the Far
East, and the other between Panama and Cuba in the Caribbean. In addition
to sporadic E a very peculiar evening signal was observed during the equi-
noxes on the far eastern circuit which we have referred to as the "evening
signal anomaly' or the "Far Eastern Anomaly". Sporadic E, as expected,
was three to five times more frequent in the Far East than AA the Carib-
bean, the factor depending upon what transmission loss level is taken. The
evening signal anomaly appears to be of F-region origin and is at least 100
timcs more frequent over the Far Eastern circuit.
J. NBS

FINNEY, J. W,, F. K. Smith, and L. H. Tveten. Report on further inmesti-
gatioas into F-region scatter in the Far East. NDIS Tech. Rept. 6768,
National Bureau of Standards, Boulder, Colo. (1961)

No abstract available.

FLEMING, J. A. Summary of the year's work, Department of Terrestrial
Magnetis.. Carnegie Institution of Washington. Terrest. Atmos.
Elec. Mag. 38, 323-330 (1933).

The stiedy of extensive observational material in hand continues. The
diurnal variation of declination at Huancayo, on the magnetic equator. var-
ies considerably, even on very quiet days, and at Watheroo -n quiet days
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the horizontal intensity has, on the average, a small diurnal variation. Re-
sults indicate that the system of assigning a numerical magnetic character
to each day is not altogether satisfactory for the world-wide investigation of
activity. In the study of ionisation, the character of the diurnal variation
of large ions if dound to change with the season of the year, and there is a
reciprocal relationship with the manner of variation of small ions. Reflec-
tions from the E- and F-layers of the upper atmosphere have been observed,
and the virtual heights of the layers determined. The splitting of the echo
from the F-layers on the higher frequency is due probably to magnetic
double refraction. The disintegration of lithium- and boron-nuclei by high-
speed protons has been investigated. An extensive programme in terres-
trial electricity is being carried out at the International Polar Year Station,
College-Fairbanks, in Alaska. The study of secular changes in the earth's
magnetic elements was continued by means of expeditions, and by co-oper-
ative work with other organisations.
PA

FUNEMII7G, J. A. Summary of the year's work, DePartment of Ter'restrial
Magnetism, Carnegie Institution of Washington. Terrest. Atmos.
Elec. Mag. 42, 399-406 (1937).

A magnetic effect of the diurnal-variation type has been associated
with a definite region of the ionosphere. The simultaneity of fade-out, mag-
netic and earth-current effects with solar outbursts in the region of sunspot
areas has been confirmed by direct observation at Huancayo. It was also
shown that a magnetic storwm can produce world-wide changes in cosmic-
ray intensity. At Huancayo the lunar influence on variations of the earth's
magnetism is so great that it may be noted in a single day's record. The
Department began, in March, 1937, to issue weekly bulletins on the state
of the earth's magnetic field in the U. S, A. which are useful as supplying
advance esthtates of radio-transmissljn conditions. Data relating to at-
mospheric electricity are being compiled which may assist in forming con-
clusions as to the source of the current which charges the earth, and as to
the manner in which the earth acquires and maintains a negative charge on
the surface where fair weather prevails. It is found that water vapour com-
bines with large ions which then become more efficient in removing the
small ions in the atmosphere. Data show a high correlation between size
of the large ion and absolute humidity. Work on radioactive material In the
atmosphere indicates that a large part of the radioactivity produced in the
lower atmosphere is positively charged. There is a probability that the
presence of nuclei reduces the atmospheric conductivity, their effectiveness
increasing with the altitude. A light radio-transmitter with Geiger counter
was constructed which, when carried up in a sounding balloon, sent out a
signal when a cosmic-ray corpuccle passed through the counter. At inter-
vala it also zent signals which indicated the altitude of the balloon. Further
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attention has been given to the variation of the diurnal range in earth-
currents (luring the sunspot cycle, and to the lunar diurnal variation in
earth-currents. In the ionosphere, the increase of ionisation of all r,.-
gions with the advance of the sunspot cycle was pronounced. Measure-
ments show that reflection of radio waves from the E-region is primarily
due to electrons. An automatic multifrequency ionospheric recorder has
been completed which records the virtual height of waves of given frequen-
cy range, and rapid ionospheric changes can be followed in detail. In nuc-,
lear physics further measurements have been made on the "new" physical
force which binds protons and neutrons, and the construction of an atomic
physics laboratory was begun in May, 1937. The section of land magnetic
survey continues its activity in different parts of the globe. Wo,:k at the
observatories and oceanographic reductions are also reported.
PA

FLEMING, J. A. Summary of the year's work, Department of Terrestrial
Magnetism, Carnegie Institution of Washington. Terrest. Atmos.
Elec. Mag. 43, 409-416 (1938).

The year ended June 30, 1938, saw the completion of the Atomic Phy-
sics Observatory and progress in the installation of its electrical equip-
ment. The generator and tube are designed to operate at potentials of over
5 million volts. Automatic multifrequency equipments for ionospheric
measurements have been install,.-d at Huancayo and Watheroo. Tests were
made on blue mud taken from the N. Atlantic, in which changes in magnetic
declination as great as 90° were measured. The material is regarded as
representing sediments deposited over several thousand years. A world
map of secular variation activity was constructed for the interval 1885-
1922, showing Isopors for the total change vector. The weekly magnetic
character figures (CA) for 7 American-operated observatories were con-
piled and published weekly. The Potsdam Kennziffer differs from CA in
the division of the Grcenwich day Into 8 3-hour intervals. The average
characteristics of disturbance in the earth's magnetic field are in good
agreement with the world-wide atmospheric-electric current system of
magnetic stovms proposed by Chapman. If these currents flow in closed
circuits in the atmosphere, their height is deduced as roughly 100- 150 km.
World-wide decreases of 3 to 6% In daily means of cosmic-ray intensity
were associated with changes in the earth's magnetic field during two ma-
jor magnetic storms. Measurements of air conductivity, and the effeut of
Aitken nuclei at a height of 19-22 km. in reducing this are discussed. The
lunar variation in earth currents Is semi-diurnal in character and Is about
1/6th that of the solar diurnal variation. Isolation of the radio fade-out in
a particular region brought the result that lonisation in the outer atlmod-
phere, produced by u. v. rays emanating from bright chromospheric erup-
tions, io absorbed almost exclusively below the level of 90 km. It is
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airaud froim this, that tht, dvitricat ctnrrcnts causirng t~h- diurnal variatiou
in the crthl i a&gnuti~sm mnust tiow below thiis fre.Teionopsphere i.4
-,ow under continuous obsiervation ak t.iiancayo and Watheroo. The Depart-
mient's pioneer win 'sure ment~ -- f new nucleur !orces have been amply con-
I ir ined.
P A

FLOOD, W. A., Jr. The fading of ionospheric signals. Tech. Report 17,
Signal Corps Project 182B, Contract DA 36-039-sc-56748, Cornell
University (15 Aug. 1954). (Ph.D. di~ssertation.)

The characteristics of short-term fading on quiet ionospheric days are
the following: at vertical incidence, scatter is decisive better than 50 per-
cent of the time; at oblique incidence, scatter is important less than 40 per-
cent of the time. These observations are consistent with Herlof.i;on's theo-
ry of plasma resonance. A rough calculation indicates that resonant blobs
are 106 times more effective than the non-resonant blobs of Booker-Gordon
formula. The dependence of the amount of scatter upon the angle of inci-
dence which is apparent in the experimental results has been investigated
with an approximate analysis and it is shown that the critical angle beyond
which scatter is less and less important is given by

80=C L = blob size diameter
VH H =scaleheight of layer

This Is an interesting result in that the critical ar'gle is proportional to the
size of the blobs. It offers a possible explanation for the observation that
when WWV 5 megacycles exhibits a peculiar flutter fade, the ratio of the
mean to the variance of the amplitude distribution of signals recorded uan-
der these conditions is very likely to be greater than the same ratio of sig-
nals recorded during normal periods. The distortion of the signal received
under these flutter conditions is thought to be due to the lack of phase cor-
relation of the two sidebands rather than amplitude fading. It is suggested
that the absence of distortion during quiet periods is due to the fact that
there is a good deal of pbase correlation between the sidebands awd the
carrier.

A theory of the spread-F echoes on the ionospheric sounder has been
proposed. The theory uses E-reglon blobs a.nd the Book-er-Gordon formula
to show bow the spread In critical frequency and virtual height can be ex-
plained when one considers the effects of propagation at angles of Incidence
other than normal. Such a theory could explain the presence of F-spread
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or nights wht-,n theru, arc no indi -ations of the, prese.inwe ) aurura. "rh,
,coh 'iý', ntrccusary arc entirely within the realm Uf sizes generally en-
visaged for thc P.-region.
E:xcerpt

Note: Introduction has excellent history of fading studies.

FLOOD, W. A. A studyof spread F. Final Rept., Contract AF 19(604)-5460,
Cornell Aeronautical Laboratory, Inc., Buffalo, N. Y. (Oct. 1960).

Experiments were carried out to examine the feasibility of the lobe
swept interferometer technique, a method for det'Ormining the cone angle
of arrival of spread-F echoes. Angle-of-arrial data for one night are
presented. Amplitude distributions and power spectra of echoes obtained
during severe spread-F conditions on another night are also analyzed.
A

FOOKS, G. F., and I. L. Jones. Correlation analysis of the fading of radio
waves reflected vertically irom the ionosphere. J. Atmos. Terrest.
Phys. 20, 229-242 (1961).

The correlation analysis of Briggs et Wl. (1950) and Phillips and Spen-
cer (1955) has been applied to the fading of radio waves reflected from the
E- and F-regions of the ionosphere, observed at three closcly spaced re-
ceivers.

Histograms are presented showing the size of the characteristic ellipse
of the radio diffraction pattern formed on the ground, and also the axial
ratio and the direction of the major axis of this ellipse. Results are pre-
sented which show the importance of random changes in the pattern relative
to pure drift in producing fading. Corresponding results from other parts
of the world are reviewed briefly. Drift velocities found by correlation
analysis are compared with those found by the simple time-delay method,
and it is shown that the errors in the time-delay method are considerable.

A comparison Is made between the method of calculation used by
Briggs gt al. and the six-point method of Yerg (1956); the former is to be
preferred.
A
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spht-rc dluring magnutiv sitorms. J1. \tmos. Tvrre4., Phys. 22,

Sumv featurcs of' the reflection of' radio waves from the ionosphere at
Vi,,crical incidence (luring magnetic storms are described, and it is shown
ho,,ý correlation analysis can be applied to the fading at such times. The
analysis shows that the irregularities in the diffraction pattern on the
ground arc, smaller and more nearly aligned with the earth's magnetic
[Pici than they are for quiet conditions. Drift is a much more important
source of fading than random changes in the pattern. The drift velocity is
large, and is usually directed toward the West.
PA

FORBUSH, S. E. Variation-. in strength of wind system, in the dynamo mech-
anism for the magnetic diurnal variation, deduced from solar-flare
effects at Huancayo, Peru. J. Geoj iys. Res. 61, 93-105 (1950).

Hourly means of solar-flare effects, or crochets, in magnetic hori-
zontal intensity (H) at Huancayo exhibit, during daylight, a diurnal variation
like that in H. This variation is expected, since McNish showed (see 1 of
"References" at end of paper) that flares produce magnetic effects indis-
tinguishable from those which would result from an increase in strength
"of the current system responsible for' the norm-al magnoti diurnal varia-
tion, Sq. On flth other hand, it is found that the averago crochet size. in H
is -greater by a statistically significant amount for groups of days with
greater Sq amplitude. For example, the average crochet size is 80 per
cent larger for a group of 49 days with average 8W9~ = 25. 2 (Bartels' meas-
ure of amplitude of Sq) than for a group of 48 days ..1th average SW2 =1. 6.
Although SW2 increases with sunspot number, the crochet size does not.
Thus, the larger average size of crochets, at Huancayo, on days when S
Is larger, indicates that the strength of the wind system is, on the average,
greater on days with larger Sq. From the change in crochet size, the
strength of the wind system must vary by 50 per cent at least.
A

FORBUSH, S. E., and E. 11. Vestine. Daytime enhancement of size of sudden
commencements and initial phase of magnetic storms at Huanciyo.
J. Geophys. Res. 60, 299-316 (1955).

Applying statistical tests to 428 SCis, the frequency of occurrence is
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found to be independent of time of day. Statistical tests indicate- that the
average sizes of SC's and of IP are both s 1gnificantly greater during the

dayfight hours at. Huaalcayo. Also from 102 SC's occurring bctween 0 8h

and 14h 75" WMT at Huancayo, we find that f~ averige Sizc of SC's is
greater for those days with the larger diurnal variation (Sq) in H. This
result is not only statistically significant but also the averagi size of SC's
was about 50 per cent greater for the group of days with 50 per cent great-
er diurnal variation in H. The diurnal variation of SC's averaged on 750,

WTfor San Juan and Honolulu is practically negligible. The augmenta-
tion of SC sizes at Huancayo with Sq in H at Huancayo was found to be the
same whether the average size of the same SCIs at San Juan and Honolulu
was large or small. No significant diurnal variationwas found in the fre-
o hency of occurrence of SCWs observed both at Huancayo and Watheroo. A

simple explanation is offered for the diurnal variation in the frequency of
SC's found by Newton from Greenwich results,

The relation of daytime enhancement of the size of SC'Is to S in H at
Huancayo indicates that the current system responsible is cloeely associa-

ted with the electrojet effect responsible for the large diurnal variation in
H at Huancayo. The effects found are not predicted on the basis of the
Chapman-Ferraro theory of magnetic storms in its present form. One

possibility being examined is that the electric currents in th atmospherc
near Huancayo are driven by electrojets of polar regions.
A

FORBUSH, S. E., and M. Casaverde. Equatorial electrojet an Peru. Publica-
tsun 62u, Department of Terrestrial Magnetism, Carnegie Institution
of Washington (1961).

Magnetograms with H, D, anid Z traces were obtained on the west
coast of South America between the geographic equator and latitude 220S
at 15 temporary survey stations, at 4 IGY observatories, and at Huancayo.
Analysis of these and other data shows that the primary dq electrojet near
midday is a band, about 660 km wide, of eastward current at about 100-km
height centered over the dip equator, near which it accounts for about half
the total range of S In H. The Induced field of the Sq jet is compatible
with that of its negative image at 600-km depth and consistent with results
from an analysis of a bay disturbance in the auroral zone. No jet effects
are found at night, and there is no evidence for seasonal changes in the
location of the jet. The center of the jet follows the secular change in the
geographic latitude of the dip equator. There is no evidence for jet effects
in DST. Jet effects are found near midday for sudden commencements for
solar flare effects (crochets), and for sudden chnges, probably associated
with SD B Sht. bances. For the average of solar flare effects near midday

the ratio of the jet effect near the dip equator to the "normal" for the jet
effect is about twice the corresponding ratio for the average Sq jet. For
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sudden comnmencemtents at night thc vertical field changes sign It geograph-
ic latitude 8°S, which corresponds to the location of Simpson's cosmic-ray
equator at the same longitude; the change in sign of AZ for these sudden
"commencements occur within a narrow range of latitude, indicating that
the current system responsible for sudden commencements probably flows
in the upper aLmosphere.
M GA

FREDRIKSEN, A., and R. B. Dyce. Ionospheric absorption investigations at
Hawaii and Johnston Island. J. Geophys. Res. 5 1177-1181 (1960).

Measurements of ionospheric absorption by the cosmic-noise monitor-
ing method show that, at certain tropical latitudes, an irregular component
of absorption is often present in the evening hours. If the variable absorp-
tion is present at one observing site (Johnston Island), then variations are
also likely to be present at another station about 1325 km away (Hawaii).
The individual variations of absorption as a function of time are not corre-
lated at the two stations, however, suggesting that the scale of the patches
causing the absorption must be less than about 1000 km.

An attempt is made to find a correspondence between hourly averages
of the apparent absorption with other ionospheric parameters. Both a
nighttime and daytime absorption are observed. A greater nighttime com-
ponent appeqrs at Johnston Island than at Hawaii, ihplyh i Lhel wAALene Ut 01

a latitude dependence. Correlation with spread F or with sporadic E on
the basis of ionosonde data from Maui was not found, although a correlation
is apparent between cosmic-noise absorption and lonosonde minlmum re-
flection frequency during geomagnetically quiet periods. There Is good
correlation between average hourly values of the absorption and F, critical
frequency f0 F2 . This latter observation is explainable by, the shielding
effect of the F region.
A
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GARRIOTT, 0. K. The determination of ionospheric electron content and dis-
tribution from satellite observations. Part 1. Theory of the analysis.
J. Geophys. Res. 65, 1139-1157 (1960).

Two techniques are described which permit the integral of the electron
density up to the satellite height to be deduced from the satellite radio
transmissions. One method is based on the rate of polarization rotation
due to the Faraday effect. The other method depends on a measurement
of the total angle of polarization rotation at the time of closest approach of
the satellite. If useful results are to be obtained, a number of corrections
to assumptions made in the simplified analysis are necessary to account
for path splitting between the two magneto-ionic components, error in the
'high-frequency approximation,' refraction, and satellite-antenna motion.
Owing to the slow rotation of the satellite perigee position, the height of
the passage at any given latitude varies. Variations of the integrated elec-
tron density with height can then be related to the electron-density profile.
The results of the observations of Sputnik III radio signals in an 8-month
period are included in part 2.
A

GATES, D. M. Preliminary results of the National Bureau of Standards radio
and ionospheric observations during the International Geophysical
Year. J. Res. NBS 63D, 1-14 (1959).

A review is given of the activities of the National Bureau 5,i Standards
during the International Geophysical Year. The equipment used on each
project is described and preliminary results of the observations are given.
The following areas of research are discussed: (1) World Warning Agency,
(2) Ionospheric Vertical Sounding Stations, (3) VIIF Propagation, (4) VHF
Equatorial Forward Scatter, (5) Radio Noise Network, (6) Radio Satellite
Observations, (7) Airglow Observa-lons, and (8) World Data Center for
Airglow and Ionosphere.
A

GATES, D. M. NBS radio, ionosphere, and airglow observations during IGY.
Trans. Am. Geophys. Union 40, 391-401 (1959).

Ionospheric vertical sounding observation, including soundings from
equatorial close-spaced chain of stations in South America, electron den-
sity profiles along 75 W meridian, and vertical incidence soundings from
Antarctica; VHF equatorial forward scatter experiments; radio noise
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Antarctica; VHF equatorial forward scatter experiments; radio noise

network, radio satellite observations, and airglow observations.
El

GAUTIER, T. N., R. W. Knecht, and A. G. McNish. Lunar stratification of
the F2-layer at Huancayo, Peru. International Council of Scientific
Unions, Proc. Mixed Commissiun on Ionosphere, Brussels, Sept.
1950, 100-105 (1951).

Careful statistical analysis cf time of separation of the F2 layer into
two strata or layers, shows a strong dependence on the lunar hour and
phase, but only during daylight (based on Huancayo. Peru data for Oct.
1948-Feb. 1949). Similar evidence of lunar stratification was found in
the Christmas Island and Leyte, P. I. rccords (1945- 1946). This supports
the theory of Mitra and of Bailey and Menzel (1947) regarding drift of ions
down along lines of magnetic force from high levels near the geomagnetic
equator.
MGA

GERARD, V. B. The propagation of world-wide sudden commencements of
magnetic storms. J. Geophys. Res. 64, 593-596 (1959).

A study of the times of three sudden commencements, recorded on
August 3, September 21, and November 6, 13A37, respectively, at ten
widely-separated magnetic observatories, indicates that when niann and
preliminary impulses are both recorded at one place (as in the typical SC*)
they really begin approximately simultaneously. Therefore, it would ap-
pear that in nontropical regions the rate of growth of the so-called prelimi-
nary impulse is usually greater than that of the main impulse, so that the
latter is obscured until the former begins to decay.

Differences around the earth between recorded times of the first Im-
pulse, whether the sudden commencement is an SC or SC* type, are only a
few seoonds, and the evidence suggests that the position of the sun controls
the hemisphere in which the sudden commencement first occurs. This
finding is interpreted in terms of the Singer shock-wave theory to mean
that, as would be expected, the shock wave enters the auroral zone nearest
the sun first and produces the sudden commencement a few seconds earlier
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in that hemisphere. At the equinox the s&,Jden commencement times are
roughly symmetrically distributed with respect to the geomagnetic equa-
tor.
A

GETTEMY, J. W. Magnetic daily variation at Koror. J. Geophys. Res. 67,
1885-1888 (1962).

Method of exhibiting magnetic daily variations using contours based on
running means can give more precise indication of seasonal changes in
daily variation than conventional methods; this method is applied to varia-
tions at Koror, which are of particular interest owing to Koror 's location
almost exactly on magnetic dip equator; contoar charts give new evidence
that ionospheric current shifts with seasons and that throughout Inter-
national Geophysical Year period equatorial electrojet was located to north
of Koror.
EI

GHERZI, E. Ionosphere and weather. Showers at Macao during the south-
western monsoon. Notas Cientificas, Nos. 3 and 4, Servigo
Meteorol6gico, Macao (1952).

In contrast to a number of bad forecasts made in 1949-51 by Far East
weather services, the author maintains that his method (first used In 1939)
of rra-dietlrg waqthcr from thc hclghL ul the ionospheric layer which re-
flects pulses (6 Me) would have given correc. forecasts every time. If the
reflecting layer is at 230-280 km then Siberian (polar continental) air is
expected for 12 hours, and if it is an F layer at ) 300 kin, then a tropical
air mass is expected. If a typhoon is about 400 km from Macao it will not
reach station if echo Is from 230-280 kin, but will from 300 km region.
N
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GHOSH, M. Global characteristics of the separation between the F 1 andF 2
layers of the ionosphere. Indian J. Phys. 27, 421-430 (1953).

Records of a number of ionospheric stations in north and south lati-
tudes have been analysed to study the global characteristics of the seasonal
and solar cycle variations of the separation between the F1 and F 2 layers
of the ionosphere. So far as the seasonal variation characteristics 're
concerned, they are found to be similar to those observed by Appleton fý r
the height variation of the F2 -region. The variation of the separation with
the sunspot activity shows the following unexpected features: At high lati-
tude bLa~iins the separation follows the trend of sunspot activity in local
summer. In local wInter, however, in such latitudes, there is no associa-
tion between the two. At stations close to the geomagnetic equator, the
separation is related to sI.nspot activity in an inverse manner in all the
seasons. At stations of low intermediate latitudes, no appreciable corre-
lation exists between variation of sunspot activity and the variation charac-
teristics of the F 1 -F 2 separation in any season. (The separations all
,'efer to the mean noon values.) The seasonal and latitudinal variations
can be explained (if the effect of tidal forces are taken into account) on the
basis of the current hypothesis of the composite F-region formation, name-
ly, that the F1 and F2 regions belong to a common bank of ionization and
two maxima are produced in this common bank due to the peculiar physical
characteristics of the atmosphere in this region. Regarding the variation
characteristics of the separation with sunspot activity no simple explana-
tion is possible with the present state of knowledge.
PA

GHOSH, M. Determination of the F-region collisional frequency over Calcutta.
J. Atmos. Terrest. Phys. 8, 116-118 (1956).

The diurnal variation of the collisional frequency of the F region, cal-
culated from "he absorption of a radio wave passing through It, varies fromn
102/sec at midnight to 5 X 103 /sec near noon. The rate of rise increases
with ýos X, which is explained by a rapid rise of tewn-erature in the F
region with the approach of noon.
N

GHOSH, S. P. Early morning variation of ionization and the true height of
region F of the ionosphere. Indian J. Phys. 14, 101-107 (1940).

Results of observations carried out at Calcutta (22 * 33' N) for a period
of I year (1937-38) on the early morning varls m of F-ionization are
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described. It is found that the average F-ionization, which decreases dur-
ing the earlier part of the night, begins to increase after attaining a mini-
mum. The hour at which the increase begins varies with the season. It
occurs earliest in mid-winter and shifts towards the early morning hour
with the approach of summer. In mid-summer there is no pre-simrise in-
crease of ionization. This is explained as due to cooling of the layer as a
waole. Further, it is found that the early morning minimum occurs after
sunrise at region F in all seasons. In order to find out the hour of sunrise
at region F, its true height has been calculated from the observed (P' - f)
curves. Generally, the true height has been found to be about 80 km. less
than the observed equivalent height. Curves depicting the variation of the
hour of sunrise with height, takirg into account the effect of atmospheric
refraction, have been drawn.
PA

GIPPS, G. de V., D. L Gipps, and H. R. Venton. Note on night-time pheno-
mena in the F2-region at Brisbane. J. Coun. Sc. Indus. Res.
(Australia) 21, 215-221 (1948).

(hW, Q) records made on the multifrequency ionospheriL recorder at
Indooroopilly reveal certain departures from normal F2 region formation at
night. These phenomena are elassitid in three groups and possible iono-
sphere configuratJons to produce these phenomena are discussed.
A

%=8H, G. H., and W. J. Rooney. On earth-currnt observations at Watheroo
mapetic observator, 1924-1927. Terrest. Mag. Atmos. Elec. 35
79-90 (1930).

T7e arth-curratt moesuring system at Watheroo Manetic Obser.a-
tory provides for a number of independent records of both components of
potential gradient a feature which has proven helpful to detecting and lo-
cating the sou a disturbing effects. The results obtained daring the
four-year period, 1924-1927, are discussed. The diurnal-varation cu~rve
of the northward componenit hes a epan rapg of ". 14 q~lliivoltýpe kgo-;
meter with maxidhs, at 17 ., and 5M W. 5 and minima at 8 and 17& 6 (120th
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east meridian mean time). The records resemble those obtained in the
"northern hemisphere at Berlin and Ebro except that the curve is inverted
and smaller in amplitude. The reversal in the direction of current-flow
points to a symmetrical distribution of earth-currents with reference to
the equator. The small amplitudes can be explained on the basis of the
unusually high conductivity of the region about Watheroo. No regular
change was observed in the mean diurnal-variation for individual years.
The range of the diurnal-variation curve varies with season from 0. 71
millivolts per kilometer in June (midwinter) to 2.06 millivolts per kilo-
meter in OcLober (late spring), and the morning minimum and midday
maximum shift forward with increasing height of Sun. The amplitudes of
the three principal harmonics vary with season in a similar manner, indi-
cating a sgle predominating cause for seasonal variation in the normal
activity. The eastward component is extremely small at Watheroo; its
diurnal-variation curve has, in general, a double period and a mean range
of less than 0. 15 millivolt per kilometer.
A

GISH, 0. H., and W. J. Rooney. Results of earth-current observations at
Huancayo magnetic observatory, 1927-1929. Terrest. Mag. Atmos.
Elec. 35, 213-224 (1930).

The apparatus and equipment used and the natural features concerned
with the measurement of earth-current gradients at the Observatory main-
tained by the Carnegie Institution of Washington near Huancayo, Peru, are
described. A dual system of electrodes is installed and the potential differ-
ences are registered by a recording potentiometer. Although the region
embraced by the measuring system is fairly flat yet evidence is found which
indicates that the general northwesterly direction of watercourse and
mountain ridges here doubtless influences the direction of the electric cur-
rents.

The character f the diurnal v. tion, as derived from records for
all complete days. is exhibited by means of charts and tables and the
Fourier coefficients of the divrnal variation are given for the three-year
means, for the means of individual years, and for the three-year means
grouped by months. The mean diurnal-range o[ the northward comp nent
is 2.83 mv per km. The maximum occurs at 9". the minimum at 15 (75"
west meridian mean time) and the amplitudes during the hours of darkness
are re ivety small. The same description applies to the component at
right-angles to this (values being considered positive for currents flowing
oastward) except that the mean range (3.26 mv per kmn) is somewhat great-
er. The diection of the current Is nor thwestward from ih 5 to 10. 5 and
southeastward the remainder of the 24-hour period. The times of the
daily maximum and minimum are constant throughout the year, which is
contrary to the findings Berlin, Ebro, and Watheroo. However, in
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get. ral agreement with the results at these other places, the mean diurnal-
range changes with season, the principal minima (northward 1. 89 mv per
km, eastward 2.18 mv per kin) occurring in Jime and maxima (northward
3.50 mv per kin, eastward 4. 00 mv per km) in March and October.

Disturbances (variations of relatively short and irregular period with
amplitudes considerably greater, in the average, than those of the diurnal
variation) predominate during the daylight hours.
A

GLIDDON, J. E., and P. C. Kendall. Theoretical world curves of maximum
ion density in a quiet F-region. J. Atmos. Terrest. Phys. 18,
48-60 (1960).

The global variation of electron density in the F2-region is investi-
g.ated on the assumption of uniform temperature, uniform attachment-type
law of recombination, a diffusion coefficient varying inversely as the
density of neutral particles and a Chapman Ionization law. Electron densi-
ty is calculated as a function of altitude and of local time at a number of
different latitudes for the equinox and solstices. World curves of maxi-
mum ion density are deduced and compared with Millington's curves. The
curves presented here are "drawn out" in the east-west direction as ap-
pears to be the case with the corresponding curves obtained by lonosonde
methods. Although the latter are plotted against the geomagnetic latitudes,
this broad similarity seems to indicate that diffusion plays a significant
part in the control of F2-ionization.
A

GLIDDON, J. E., and P. C. Kendall. Theoretical world curves of maximum
F2 ionization--IL J. Atmos. Terrest. Phys. 20, 183-188 (1961).

Values of NmF 2 have been computed from an analytical solution of the
equation governing diffusion of ions in the F2-region. The mathematical
model takes account of electron production, attachment-like recombination
and a rate of diffusion which depends upon the ambient air density and also
on the geomagnetic latitude. Results are plotted on a grid of geowagnetic
latitude and local time and are compared with curves drawn from world-
wide lonosonde records.
A
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GLIDDON, J. E., and P. C. Kendall. A mathematical model of the F2-region.
Appendix -- horizontal diffusion into an eclipsed equatorial F2-rekion.
J. Atmos. Terrest. Phys. 24, 1073-1099 (1962).

The previously obtained periodic solution of the equation governing
vertical diffusion of ionization in the F2-region is generalized to include a
uniform upward or downward drift velocity. The electron density, ex-
pressed in the form of a definite integral, is a function of the three para-
meters representing attachment-type recombination, diffusion and drift
velocity respectively. The solution is used to dist.ass (1) electron distri-
butions under middle latitude conditions, (2) the latitude dependence of
electron density assuming the ionization to be constrained by the geoinag-
netic field lines and (3) the behaviour of the F2-region during solar eclip-
ses.
IAA

GLOVEPR, F. N. A survey of spread F. NBS T,.ch. Note 82, National Bureau
of Standards, Boulder, Colo., 1-67 (1960).

Examples of spread-F forms occurring at different latitudes are pre-
sented, illustrating the classification of spread into range type and fre-
qucncy type. The occurrence patter ias of s9read-F at different latitudes
are correlated with other geophysical phenomena. Magnetic latitude and
time within the sunspot cycle appreciably affect the pattern of spread oc-
currence. Inslrumental teehniques and their advantages for spread studies
ariO outlined. The principal theoretical explanations of spread-F are sum-
marited. A single mechanism need not be postulated as responsible for
all types of spread occurrence or at all latitudes.
A

GLOVER, F. N. Recent, magnetic observations In the Philippines. J. Geophys.
Res. 68, 2386-2394 (1963).

Two magnetic varlometers have been continuously operated at com-
parable longitudes at Baguio and Cebu, Philippines, 900 and 300 km north
of the magnetic equator, respectively. An attempt has been made to sepa-
rate the electrojet contributiono to the monthly mean of the daily range In
H and Z. The jet appears to change its form with the season. The over-
head disturbance currents appear north of Cebu at night, but south of Cebu
during the day. Micropulsatlons, of peak-to-peak amplitude of I Y or
greater, have a nonzero occurrence probability at any hour, with a
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maximum at local noon and a secondary maximum about midnight. The

Johnston Island July 9, 1962, disturbance effects on the Philippine magne-

tic traces are presented.
A

GNANALINGAM, S., and K. Weekes. D-region echoes observed with a radio

wave of frequency 1.4 Mc/s. IN: The Physics of the Ionosphere,

63-70 (The Physical Society, London, 1955).

By means of an experimental method of unusual sensitivity (Gnanaling-

am 1954) a search has been made for weak echoes from the ionosphere

using radio frequencies near 1.4 Mc/s. Echoes could be observed if the

reflection coefficient was greater than 3 x 10-5 (attenuation less than 10

nepers). It was found that on several occasions during the winter months

echoes could be detected during the daytime from heights in the D region

between 75 and 90 km. Sometimes these echoes were detectable at the

same time as echoes from the E region (from heights of about 110 kin)

but at other times the E-region echoes were absent. On the occasions when

D-region echoes were observed, the absorption of waves of 2 Mc/s re-

flected from the E region was abnormally high and this abnormal absorp-

tion was greater when the D-region echoes we: 3 observed alone. It is the

purpose of this paper to discuss the significance of these observations.
A

GOLDBERG, 1R. A. The effect of diffusion on the equilibrium electron density

distribution in the F region near the magnetic equator. Scientific

Rept. 184, Pennsylvania State University, University Park, Pa.
(1 May 1962).

On the basis that electrons are constrained to move along the lines-

of-force of the ea-th's magnetic field, and that the primary forces acting

are due to gravity and pressure gradients, a two-dimensional partial dif-

ferential equation is derived for the equilibrium electron-density distribu-

tion around the magnetc equator in an isothermal F region. A solution is

developed in the form of a power series in magnetic latitude. By using a

Chapman-like profile at the equator as a boundary condition, it is shown

that the solution exhibits the major features of the well-known geomagnetic
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anomaly as observed at the equinoxes. The solution also predicts the
electron density distribution above the F2 electron peak, where there are
presently no observations as a function of magnetic latitude. The effect
of varying sunspot number is examined.
STAR

GOLDBERG, R. A., and E. R. Schmerling. The distribution of electrons near
the magnetic equator. J. Geophys. Res. 67, 3813-3815 (1962).

It is shown that simple arguments based on the diffusion of electrons
can explain qualitatively the more striking effects seen in the electron dis-
tribution near the magnetic equator. The assumption of constant electron
density along a field line, though apparently giving a fairly good descrip-
tion of the variation of electron density with dip angle below the F2 peak,
is not soundiy based and leads to difficulties above the F& peak. Examina-
tion of the limiting case of diffusive equilibrium indicates the direction in
which an electron distribution is perturbed by diffusion and gives results
above the F2 peak that do riot conflict with the meager information avail-
able.
A

GOLDBERG, R. A., P. C. Kendall, and E. R. Schmerling. Geomagnetic
control of the electron density in the F region of the ionosphere.
J. Geophys. Res. 68, 417-427 (1963).

The solution of a problem recently treated by Goldberg and Schmer-
ling is writLea in a simple cloded form. The prohl,= com:crws a poszible
explanation of the geomagnetic anomaly in terms of diffusion along the
magnetic lines of force for a special model of the F2 layer at the magnetic
equator. At great height the results obtained are roughly in agreement
with ,wstrvatious made by the Alouette (S-27) satellite on October 3, 1962.
The theoietical electron density at fixed height is given as a function of
magnetic latitude for a wide range of expected conditions at various phases
of the solar cycle. Curve6 showing the latitude variations of [&(log N) /Or] 1

at great height are also given. The results are discussed.
A

GOLDBERG, R. A., and E. R. Schmerling. The effect of diffusion on the
equilibrium electron density di%ributlon in the F region near the
m~agetic equator. .J. Geophys. Res. 68, 1927-194,6 (1963).

On the basis of the assumptions that electrons are constrained to move
along the lines of force of the earth's magnetic field, and that the primary
forces acting %re due to gravity and pressure gradients, a two-dimensional
partial differential equation is derived for the equilibrium electron density
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distribution around the magnetic equator In an isothermal F region. A
solution Is developed in the form of a power series in magnetic latitude.
By using a Chapman profile at the equator as a boundary condition it is
shown that the solution exhibits the major features of the well-known geo-
magnetic anomaly as observed at the equinoxes. The solution also predicts
the electron density distribution above the F2 electron peak, where thcel
are presently no observations as a function of magnetic latitude. It is
also suggested that there are additional perturbations, not included in this
theory, which give rise to the asymmetries observed at other seasons,
but these are not responsible for the main effects.
A

] II

GOLDMAN, S. C., and S. Horowitz. Synchrotron radiation decay at equator-

ial sites. J. Geophys. Res. 68, 4865 (1963).

Riometer measurements in Africa show that following the creation of
the artificial electron belt by the nuclear explosion of 9 July 1962, 30 Mc/s
cosmic noise had a slowly decayinf component, the half-life being of the
order of 2 to 3 months.
PA

GOODALL, W. M. On Ionization of F2 region. Proc. IRE 25, 1414-1418 (1937).

Available data on F2 region ionization for Peru, Australia, and United
States, are analyzed in way that permits separation of effects due to varia-
tions in solar Ionizing force from effects due to seasonal and annual
changes.
El

GOODALL, W. M. The solar cycle and the F. region of the ionosphere. Proc.
IRE 27, 701-703 (1939).

This paper presents a method of analysing FI-region critical-frequency
data in a way that shows in a clear cut manner the correlation that exists
between monthly averagc values of these critical frequencies for uonditubed
days and solar activity as measured by the central-zone chaacter figures
for calcium flucculi. Curves are presented which show for each month
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the expected diurnal variation of fF2 for two values of solar activity.
Other curves show for a number of different hours the expected seasonal
variation of fO2 at a constant time of day for the same values of solar
activity.
A

GOODWIN, G. L., and J. A. Thomas. Field-aligned Irregularities in the E.-
region. Scientific Rept. 14, Contract AF64(500)9, Queensland Uni-
versity, Australia, (March 1962). AD-294 700.

A compari-or of the known diurnal and seasonal behbvinr of constant
height (E sub sc) and sequential (E sub ss) sporadic-E echoes with that of
field-aligned (E sub d) echoes from the E-region indicated that an increase
in occurrence of E sub d echoes generally coincided with an increase in
occurrence and/cr range spreading of E sub sc echoes, but was indepen--
dent of the presence of E sub ss echoes. A detailed comparison indicated
that at night in October and in day- and night-time in December almost
all E sub sc clouds detected at frequencies at least down to 2.5 Mc/s have
irregularities which are field-aligned.
A

GOODWIN, G. L., and J. A. Thomas. Field-aligned irregularities in the Es_
region. J. Atmos. Terrest. Phys. 25, 707-719 (1963).

A comparison of the occurrences of "constant height" sporadic-E
(Esc) e-hoes and field-aligned (E.40) echoes from the E-region showed
that at certain times of the year at least, there was a significant probabili-
ty of their simultaneous occurrence. The probability was even more sig-
niflicant when vertical incidence Ese echoes were range spread. It is con-
cluded that the Esc region commonly contains field-aligned ionization.
A

GOUIN, P. Reversal of the magnet~n daily variation at Addis Ababa. Nature
193, 1145-1146 (1962).

The magnetie C•Ltion at the University College of Addis Ababa is situ-
ated near the magnetic zero-dip equator and is directly under the influence
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of the equatorial electrojet currents. Its position in latitude is geographic,
N. 09 02'; geomagnetic, N. 050 2; magnetic, S. 0. 5. Consequently, dur-
Ing magnetically quiet days, the daily variation S + L of the horizontal
component H follows a smooth curve which normally starts with a small
dip before sunrise, passes through a maximum of 100- 200Y above night-
level between 1130 L.T. and 1230 L.T., and then decreases with a slight
positive asymmetry towards a night minimum. It Is of interest to note
that this second minimum could either be a night-level reached shortly
after sunset (case A), or simply the dip before the next morning sunrise
(case B). In case B, the p.mi. negative slope is less steep, but continue-
regularly until the early hours of the next morning unaffected by sunset
or night conditions. In both cases, the H-curve could be slightly distorted
either by a strong L-effect, or by the presence of one or two bays during
the night. In case B, the general level of the field may be suddenly in-
creased by the presence of a bay, but the gradient of the curve usuallyI
rem ain& unchanged.

The vertical component Z does not follow so definite a pattern, being
influenced, among other factors by a strong lunar effect and by the posi-
tion of the Sun north or south of the station.

The declination-curve is of a northern or southern hemisphere type
according to the declination of the Sun.

This article reports a drastic change in the characteristics of the
daily variation (AH, AZ, and AD) in Addis Ababa during the first week of
January 1962. Fig. 1 shows the extreme phases of the phenomenon in H.

The period was magnetically quiet. The sequence of the changes in
the daily variation-curves for the three components H, Z and D is shown
In Fig. 2, In which the hourly means have been plotted and centred on the
half-hours.

The H-curves of December 31, 1961, and January 1, 1962, follow the
standard pattern of an equatorial magnetic record as described above. In
the morning of January 2, a premonitory dip appeared; such a dip would
normally be insignificant, but in this case It marks the beginning of the
reversal phenomenon. On January 3 and 5, the H variation-curve is com-
pletely reversed with a minimum at local noon; during the first part of
January 6 the curve, although disiorted, is of equatorial typo with a strong
electrojet amplification while the second part of the day belongs to a com-
pletely different latitude. By January 7 und 8, the disturbance was ended
and the H-curves normal.

The Z-curves prior to January 3 are too complex to be evidently sig.-
nificant L I therefore are not shown in Fig. 2. The daily Z-vartationa of
January 3 and 6 are clearly of a soitthern type with a single minimum
around local noon while thos, of January 7 and 8 show three maxima and
two minima, a characteristic of quiet days around winter solstice.

The variation in declination on December 31, January 4 and 8, are of
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the standard type; those of January 3, 5 and 6 show a high degree of dis-
tortion.

Fig. 3 gives the vector diagrams of the daily variation of the total
field F projected on the H- Z plane. In this figure appears the normal
ratio of AH and AZ, the variation in amplitude of AH during the period
concerned, and the variation of the phase between AH and AZ. The pre-
monitory dip is clearly shown on the vector diagram of January 2; the
phase relations between AH and AZ are completely reversed on January 3
and 5; the reversal in the direction of the field during the afternoon of
January 6 is also indicated.

Such a change in the characteristics of the magnetic daily variation,
from an equatorial type highly amplified by the electrojet to a type of the
middle latitudes, has not previously been recorded at this Observatory.
A few instances of a drop in the amplitude of the horizontal component of
the daily variation can be found on isolated quiet days, but never such a
mark4" .- =:: as that of January 1962.

Would this phenomenon be caused by a shift in latitude of the iono-
spheric currents responsible for the Sq + L daily variation or of the equa-
torial electrojet itself, or would it simply bc an cxtraordinarily amplified
L-effect? The magnetic records for the same period during the following
lunation suggest an amplified L-effect. This problem will be dealt with
more thoroughly once records from other stations permit the analysis of
the phenomenon over a wide area.
Excerpt

GOULD, R. G., and W. R. Vincent. System concepts for a Common-User
Radio Transmission Sounding System. Final Rept., SRI Project 3992,
Contract SD*.119, Stanford Research Institute, Menlo Park, Calif.
(Oct. 1962).

This report describes a study of a Common-User Radio Transmission
Sounding System (CURTS).

It is demonstrated that oblique ionospheric sounders can find usable
frequencies during periods of a disturbed ionosphere and that usable fre-
quencies can be predicted with high accuracy for periods of a quarter of an
hour or more during times of average magnetic activity. During both
average and disturbed times, a communications circuit operator can use
a sounder to improve performance.

A systems operational concept for use of sounders is described and
analyzed. It is concluded that common use of sounders is desirable and
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necessary for purposes of Interference reduction, optimum utilization of
equipment, and minimum cost.

Problems that have arisen during field tests are discussed, as well
as unresolved technical and operational questions.

It is concluded that sounders are a promising operational tool but that
certain questions must be settled by additional study and field tests before
operational employment of sounders is undertaken.
A

II

II

199



WaVlms PAU VAn SAM. iT u30 71US
H

HAGN, G. H., D. L. Nielson, and F. H. Smith. Backscatter literature
survey. SRI Project 3311, Contract SD-66, Stanford Research Insti- 7
tute, Menlo Park, Calif. (June 1961).

A survey of the liter iture pertaining to backscatter is presented in
bibliographical form. Authors' abstracts have been included whenever
they were available and appeared adequate. The survey is intended to
cover the period from the inception of the study of ionospheric backscatter
(about 1928) through 1960.

This survey deals mainly with ionospherically propagated backscatter
at HF. Some work on terrain return and on direct backscatter from dis-
crete objects is presented, and the major early papers on incoherent
(exospheric) scatter from electrons have been included. Material dealing
with troposcatter, ionoscatter, forward propagation at HF, and meteoric
and auroral echoes has, in general, been excluded.
A

HAGN, G. H. Orientation of linearly polarized HF antennas for short-path
communication via the ionosphere near the geomagnetic equator.
Res. Memo. 5, SRI Project 4240, Contract DA-36-039-AMC-00040(E),
Stanford Research Institute, Menlo Park, Calif. (Aug. 1963).

This report suggests that there is an optimum orientation for linearly
polarized antennas used on shiort ionospheric paths near the geomagnetic
equator. Consideration of the magneto-ionic theory and its application to
antenna-to-medium coupling problems indicate that aligning such antennas
parallel to the earth's magnetic field will maximize signal strength while
minimizing polarization fading. Such orientations may intercept less
interference than vertically polarized antennas. If this is true, the signal-
to-noise ratio would be maximized and the orientation would be truly opti.-
mum. Experiments to test these hypotheses are outlined.
A

HAGN, G. H. Absorption of ionosphericall, propagated HF radio waves under
conditions where the QT approximation is valid. Paper presented to
Commibsion MI, URSI, Fall Meeting, Seattle, Washington, Dec. 1963.

This paper presents expressions for the absorption coefficients of a
plane electro-magnetic wave propagating through regions of a weekly-
ionized magneto-ionic medium where the quasi-transverse (QT) approxi-
mation (Hibberd, 1962 and Davies and King, 1961) is valid. The QT ap-
proximation is most likely to hold on long east-west paths, short equatorial
paths (e.g., such as one encounters on short ionospheric paths in Southeast
Asia), and at heights near reflection for the ordinary wave. A comparison
of absorption on representative patha calculated ussing absorption coefficients
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for the upper and lower sign shows that the upper sign (ordinary wave)
suffers less attenuation. When the wave frequency i" near the gyrofre-
quency, the extraordinary wave is greatly absorbed. When the wave fre-
quency is much greater than the gyrofrequency, tIv expression for the
upper sign (ordinary wave), QT approximation, is very nearly the same
as the expression for the QL (quasi-longitudinal) approximation; both are
very nearly the same as the no-field case. No such simple comparison
exists for the lowrr sign (extraordinary wave). Experiments are presently
being conducted in Thailand to test the validity of the absorption coefficient
expressions calculated using the magneto-ionic theory.
A

HAGN, G. H., and L. McAfee. Backscatter literature survey. SRI Project
3311, Contract SD-66, Stanford Research Institute, Menlo Park, Calif.
(April 1964).

A survey of the literature pertaining to backscatter is presented in
bibliographical form. Authors' abstracts have been included whenever
they were available. This survey is intended to cover the period 1960
through 1933, updating a previous survey covering the period from the in-
ception of the study of backscatter (about 1928) through 1960, however a
few early 1964 references are also included.

This survey deals mainly with lonotopherically propagated backscatter
at HF. Some woik on terrain return and on direct backscati r- from dis-
crete objects is presented, anJ some of the major early papers on inco-
herent (exospheric) -matter from free electrons have been included. Mater-
Wa! dealing with tropocatter, lonoscatter, forward propagation at HF, and
meteoric and auroral echoes has, in general, been ecluded. Papers
dealing with ionospheric disturbances (especially traveling disturbances)
have b^no included.
A

HANNA, K. 0. X. The lndmton of electric currents in a mnlmotroic and
now-mniorm ionop-qere. Proe. Matb. Phys. Soo. UAR, No.23
17j-4 (June 1959),

The. st of the distribtion of the Induced currents in a nomisotropio
and non-uniforruly conmaotun Ionospheric shell for an external Inducing
maetc potetlat of perWod ote day, shows 2 titing of th urre lines
In the direL o of the meridans; also toe existen•e of two systems of
vortt"i, one In fte poft1re distribution of curren Lines and the other in
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the negative distribution, symmetrically placed with respect to the equa-
torial plane. The current is also found to lag behind the inducing potential
by a quarter of a period, spherical polar coordinates being used throughout.
PA

HARGREAVES, J. K. An experimental method of estima.Iing F-region collision
frequencies. J. Atmos. Terrest. Phys. 25 300-304 (1963).

In the study of ionospheric radio-wave absorption there frequently is
difficulty in separatin the relative contributions of the D- and F-regions.
In riometer studies, for instance, it is sometimes necessary to apply a
correction for the F-region absorption in order to measure absorption
occurring in the D-region. However, the necessary information about the
effective F-region collision frequency is sparse (Ratcliffe and Weekes,
1960), and attempts to correct for the F-regio, 2omponent have, thus,
usually been empirical (Mttra and Shain, 1953; Ramanathan and Bhonsle,
1959; Lusignan, 1960). Steiger and Warwick (1961), in their analysis,
toc'k into account the loss of signal due to restriction of the F-region iris
with increasing critical frequency. The present note is a turther refine-
ment, illustrating how experimental values of the effective collision fre-
quency can be obtained from a comparison of lonosonde and riometer
observations made under conditions when the F-region critical frequency
approaches the operating frequency of the riometer, i.e. when devistive
absorption is important in the F-region.
Excerpt

-HARWOOD, J. Some observations of the occurrence and movement. of !poradC-
Z Ionization. J7. Aos. Terrest. Phys. s- 243-262 (1961).

LiroftatU-aerial back-sciUer sounder has been used at 17 Mc/s to
examine the location, approximate size, and movements of clouds of
spordic-K ioniztion for the period May-August 1959, as part ot a Ruro-
pea. co-oet eoperiment Involving a number of vertical-Inde•no
soundi stations. Cloods, of avenge diameter about 200 ka and average
duration 2 hr. were sew moa freque•f to th soouh than to the north.
One third of them drifted, predomnantl* towards te sot-wes, at a

=men speed of 60 m/se4. There was good oorrelation between the
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occurrence of back-scatter echoes propagated by way of E. clouds, one-
way propagation over a 700 km path by the same means, and the occur-
rence of high E. critical frequencies at a few vertical incidence sounders.
To account for a lack of correlation between other drift measurements and
E cloud mevements, it Is suggested that the former are based on the fine
stAucture of the cloud, whereas the latter depend on observation of the
main cloud boundaries.
A

HASEGAWA, M. On the zonal components of the diurnal variations of terres-
trial magnetism. Proc. Imp. Acad. Japan 13 69-73 (1937).

As I have pointed out in a previous paper, If we determine the instanta-
neous values of the diurnal variations of terrestrial magnetism over the
earth, we find that the integration of X and Z components along latitude
circles, (on which we have well distributed observatories) gives finite re-
siduals which can hardly be regarded as being within the range of errors.
Fig. 1, reproduced from the former paper, shows the instantaneous values
along the latitude circle 20° N. The residuals in the Y component are far
smaller than those in the other components.

The mean integral values along circles of every 156 of latitude, are
calculated for every 2 hours on DI, 23 and for every 4 hours on IC, 24,
1933, by constructing charts of magnetic potential such as were shown in
the former paper.
Excerpt

HASEGAWA, M. Geom!nEt distortion in region F2, its nature and origin.
Proc. Mixed Commission on the Ionosphere, Brussels, 16-18, Aug.
1954, 43-48 (1954).

Summary of recent Japanese work on the interpretation of F2-1aer
distortion in terms of vertical electron drift. Calculated diurnal varia-
tions of maximum electron density and height of the F2-lqer at Huancayo
based on geomagnetic data agree well with the same parameters obtained
by Martyn from iomspheric data. Other possible causes of F2 anomalies
are mentioned.

Appendix. Prn ional report on geomagnetio distortion of the F2
region on the magnetic equator. M. Hi1rono and Ii. Maeda.

Thvelocity of vertical *lectron drut at a height of 300 km on tbe
magnetic equator due to the variations of electrical conductivity of the
olq-layer" has been calculated as a function of local time. The effects
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of this on an ionized region art briefly considered. The required electri-
cal conductivity of the E-region seems to fit radio estimates for the mag-
netic equator.
PA

HECKMAN, H. H., and G. H. Nakano. East-west asymmetry in the flux of
mirroring geomagnetically trapped protons. Lawrence Radiation
Laboratory, University of California, Berkeley (13 Dec. 1962).

The visual detection of geomagnetically trapped protons in the region
of the South Atlantic magnetic anomaly is reported. Protons of energy
> 57 Mev were recorded in nuclear emulsions during a 65-orbit, oriented
flight of a satellite recovered on September 1, 1962. An east-west asym-
metry in the flux of geomagnetically trapped protons was observed, con-
firming an effect predicted by Lenchek and Singer. From measurements
of the east-west asymmetry, a value of 62.0 k 5.0 km was obtained for
the scale height of the atmosphere at 364-km altitude.
STAR

HEISLER, L. H. A panoramic ionospheric recorder for the study of travelling
disturbances in the ionosphere. Austral. J. App). Sol. 6, 1-7 (1955).

A description is given of an ionospheric recorder covering the fre-
quency range I to 15 Mc/s with a fast scan of 7-1/2 or 15 sec. New cir-
cuits have been evolved and an unconventional method of recording used to
make the equipment especially suitable for the study of movements in the
ionosphere. A panoramic display of each mcan is provided and this Is used
for visual monitoring of the recording programme
A

HZILER, L. H. Anomalies In lonosonde records due to travelian ioanosberia
dishtbances. Austral. J. Phys. 11, 79-90 (1956).

Anomalies which frequently appear on ionosond& records of the F
region during the passage of travelling disturbances are classified into
four main types; and the diurnal and seasonal distribution cf their occur-
rence is discussed.
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It is suggested that the type of anomaly appearing on records depends
on the ion density distribution at a height of about 200 kin, which appears
to be an upper bounding surface for the mode of travel of disturbanct s.

A particular study has been made of winter disturbances. These are
found to be so frequent that they affect all ionosonde records obtained dur-
ing this season. They travel distances of at least 3000 km with fronts
possibly broader than 1000 km. Attempted correlation with geomagnetic
storminess waw' unsuccessful.

Information is also presented on similar disturbances observed ir
North America.
A

HEISLER, L. H., and J. D. Whitehead. Longitude effect in temperate zone
sporadic E and the earth's magnetic field. Nature 187, 676-677 (1960).

A recent study of the occurrence of sporadic E has shown that the per-
centage of the time foEs > 5 Mc./s. exhibits a marked longitude effect,
having a maximum (- 30 per cent) over south-east Asia and minima over
South Africa (- 3 per cent) and the north-east part of the United States
(- 6 per cent). That the effect is real, and not due to differences of equip-
ment sensitivity, has been confirmed by very high-frequency forward
scatter experiments over the Caribbean and the Philippines. The sugges-
tion was put forward that this longitude effect may depend in a complex
manner on both geographical and magnetic latitudes or may be due to
meteorological effects.

The purpose of this communication is to point out that the horizontal
component of the Earth's magnetic field has a similar variation at the
Earth's surface. In Fig. I the-percentage of the time foEs > 5 Mc./s.
for the thirty-one lonosonde stations mentioned by Smith is plotted against
the magnitude of the horizontal component. Results from both northern
and southern hemispheres follow the same pattern.

That it is the horizontal component which is correlated with sporadic
E appearances is confirmed by plotting the percentage time foEs > 5 Mc./s.
qalnst the total Intensity of the Earth's field (Fig. 2). There is no corre-
lation between the two. There in some correlation between the occurrence
of sporadic E wd magnetic dip though this Is almost entirely due to their
correlation with the horizontal component.

It Is of interest to inquire which of the various theories put forward to
account for sporadic 2 depend only on the horizontal component of de
Earth's magneti field. lon•zation by neutral particles or meteors does
not depend on magnetic field at all but ionization by charged particles may
be confined to a narrow region in the presence of a magnetic field. The
total Intensity, however, seems to be of importance here. Movement of
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existing ionization by winds or electric fields seems to be the most likely

source of sporadic E, and is being studied further.

HEISLER, L. H., and J. D. Whitehead. The interpretation of F2 critical fre-
quency measurements. J. Atmos. Terrest. Phys. 22, 186-191 (1961).

During winter daylight hours changes in f F2 are almost continuous
due to the presence of travelling ionospheric disturbances. It is suggested
that variation in hourly values of f0 F2 from day to day on magnetically
quiet days is due mainly to this cause and it is shown that these values are
only reliable to + 0.5 Mc/s. The resultant error in estimated maximum
usable frequencies has been determined. Critical frec ,encies as read
from ionogram records are not true vertical incidence values but are re-
flected at an angle 6 from the vertical because of sloping isoionic contours.
This angle has been eitimated as well as the amount by which average

measured values of f0 F2 must be decreased to give real vertical incidence
values of f0 F2.A

HEISLER, L. H., and J. D. Whitehead. Rapid variations in the sporadic-E
region. J. Atmos. Terrest. Phys. 24 753-764 (1962).

Ionograms taken every 7.8 sec have been analysed to see how rapidly
the sporadic-E parameters, f 0 EZ and fbE , change with time. Normal
echo fading causes changes of up to- 0. 1 l/s from one record to the
next; the structure of the sporadic-E clouds leads to a slower variation
with a quasi-period of about 1 hr, and amplitude of the order of 0. 5 Mo/s.
Averaged over 2-1/2 min, fOE8 and fbEV have root mean square rates of
change of 0. 1 Mc/s per min. f0E5 increases a few minutes before and
decreases a few minutes after corresponding increases and decreases of
-fbEs On two occasions a decrease In foEs results from a break-up of
the trace on the ionogram rather than a steady decrease. It is possible
that these two effects are the result of diffraction from the edges of Ioniza-
tion clouds and from a small cloud respectively.
A

HEISLER, L. H., and J. D. Whitehead. The correlation between the occur-
rence of sporadic-Z and t horizontal component othe earth's mt
n-tO field. J. Amos. Terrest. Phys _j 437.444 (1964).

A consideration of NY data and earlier data on the occurroen of
sporadio-K In the temperate soaw suports the anthors' previous oonclu-
sion that the occurrence of sporadic-K Is correlated principally with the
horizotafl omponmt of the earth's magooe field. The analysis also
soneets thA teinprat mas sporadic-K teols to occur move frequently
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at high sunspot number and also occurs equally over land and sea; these
suggestions disagree with the conclusions reached by other workers.
A

HENDERSON, C. L. Seasonal and latitude variations of noon bearings of E-
region drifts. J. Atmos. Terrest. Phys. 24, 663-666 (1962).

Examinations of further Lower Hutt noon data show that the E-W com-
ponent does not have a simple sinusoidal variation with seasons. A sea-
sonal plot of bearings at Cambridge and Lower Hutt confirmed the common
trend to the Earth in summer and the different behavior in winter. The
possibility of a latitude effect in winter was suggested. Summer plots of
bearings against geographic, geomagnetic and dip latitudes were similar
in all three cases. Winter plots showed that some magnetic latitude con-
trol was present, since the distributions versus geomagnetic and dip lati-
tudes showed significantly less spread and both varied in a similar manner.
A diagram giving the variation of E region noon bearings with geomagnetic
latitude is presented. It is seen that m winter, over latitude range 14-66,
there is a steady change of bearing with latitude. The same group of data
when plotted against magnetic dip covers a latitude range of 20-60°.
MGA

HENDERSON, C. L. E-region drifts at Lower Hutt. IN: Proc. International
Conference on the Ionosphere, London, 1962, 342-347 (The Institute
of Physics and the Physical Society, London, 1963).

Discussion of observations presented in the form of average N-S and
E-W components of each season of the period from 1952 to 1958. The
seasonal observations for the separate years are found by Fourier analyses
over the daytime period, and partly for the full 24 hours. The prevailing
drift is found to have a N-8 component invariably to north. This motion
toward the equator is common to nearly all latitudes, while the drift to the
east in summer is universal. The 24-hour harmonics have very consistent
phases in summer. The N-S components are toward the nosear poles at
about 1100 hours local time for all latitudes. The I-W components ae
mostly to the east near 1130 hours for middle and high latitudes. The 12-
hour harmonics observed loaly from both daytime and 24-hour data are
in good agreement. Phases in summer are very stable. The N-8 summer
phases are constant over middle and high latitudes, while the winter and
equinox phases very linearly with latitude. The 8-hour harmonids exhibit
a secular N-S phase chaep In summer. The phases are generally In good
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agreement over a wide latitude range. The results are compared with
analyses from other stations.
Source unknown

HERBSTRE1T, J. W., and W. Q. Crichlow. Measurement of factors affecting
jungle radio communication, Rept. ORB-2-3, Operational Research
Staff, Office of the Chief Signal Officer, Washington, 7D.C. (1943).

Field strength measurements were made on 2005 kc, 2975 kc, 44 mc,
and 98.8 mc to determine the attenuation of radio waves through heavy
jungle. The attenuation was found to be so great that for communication
greater than approximately one mile, the ground wave which is normally
employed for these ranges, is practically useless. It requires powers of
the order uf 200 times the power of the sets tested to give a ground wave
range of 2 miles. It is shown that communications over greater distances
than one mile necessitate either (1) treetop or hill to hill transmitter and
receiver sites at very high frequencies so that the transmission path is
mainly above the top of the jungle; or (2) use of sky wave transmission at
high frequencies wherein the transmission path is up to the ionosphere and
back to the ground. The use of ionosphere predictions as a guide in the
selection of proper frequencies for sky wave transmission is urged.

Measurements of "atmospheric" noise level were made on the fre-
quencies AL005, 2700, 4160 and 5975 kilocycles to obtain quantitative data
on the signal intensity required for satisfactory communications for cor-
relation with predictions of required signal Intensity made on the basis of
thunderstorm data. The method of measuring average atmospheric noise
level is described in detail and it is recommended that further noise mea-
surements of this type be made in areas in which future operations are
contemplated.
A

HERBSTRZrl, J. W., and W. Q. Crichlow. Measurement of the attenuation
of radio signals !M Junles J. Reo. Radio Sol. NDS/IURS. 68D.
903 (Aug. 1964).

Recent interest in jungle communications has indicated the desirability
of publishlog quantitative field strength measurements made in Jungles by
the authors dstring World War II. The Jungle aftenuation of radio sigpals Is
so great that for satisftory communicatIons over distances greater than
one mile, skywave propagation or elevated antenas should be employed.
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HERMAN, J. R. Solar-flare effects on 2.5 and 5.0 Mc/s atmospheric radio
noise. J. Geophys. Res. 66, 3163-3167 (1961).

Analysis of radio noise records from Kekaha, Hawaii, and Ohira,
Japan, during 75 solar flares occurring during August, September, and
October 1958 reveals a positive relationship between short-time noise
power decreases and solar flares. The most significant noise fadeouts
associated with flare eruptions occurred with the sun over one of the major
noise centers contributing to the noise level at the measuring station.
Maximum noise decrease of 18 db was observed on 5.0 Mc/s at Kekaha
when the sun was over the East Indies noise center, just after sunset at
the receiver.
A

HERRINCK, P. Tides in the F2 ionospheric layer. Nature 184, 1055-1056
(3 Oct. 1959).

From five years observations (1952-1958) at Leopoldville-Binza, an
harmonic analysis of the mean diurnal variation of ym is obtained. The
analysis shows a prominent first harmonic, associated with the following
oscillations listed in order of decreasing amplitude: 8 hr, 4.8 hr and 12
hr. Half hour amplitudes are tabulated and eight hour oscillation is graph-
ically represented. The conclusions drawn from harmonic analysis of the
diurnal variation for each calendar month using mean 'alues over five
years are listed.
MGA

HERRINCK, P. Characteristic Features of world distribution of F2 layer
maximum ionization. IN.: Beynon, W.J.G., ed. Some Ionospheric
Results Obtained During the IGY. Proc. Symposium URSI/AGI
Committee, Brussels, Sept. 1959, 14-17 (Elsevier Publishing Co.,
Now York, 1960).

Charts of the F2 layer maximum ionization distribution over the world
have bee'r delineated by compiling data from World Data Center C-I at
Slough (Englo4. It has beba establis'•d that the ratio between high and,
low "sunspot number electron density" varies for an Individual station ac-
cording to the hour of the day. The relative daily average of the rate of
increase of maximum electron density, when the sunspot number increases
from 10 to 100, has been charted in a map exhibiting the distribution of
maximum ionization over the world. World maps of F2 crftical frequencies
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have been drawn for every hour for March, June, Sept. and Dec. The re-
suits show a discontinuous daily shift of position of the world maximum of
the F2 layer maximum electron density which could be explained by a pecu-
liar behavior of the magnetic and electrical fituds surrounding the Earth.
Source unknown

HERRINCK, P. Analysis of the maximum electron density of the F2 layer at
Leopoldville-Binza. IN: Beynon, W. J. G. ed. Some Ionospheric
Results Obtained During the IGY, Proc. Symposium URSI/AGI, Comm.,
Brussels, Sept. 1959, 18-24 (Elsevier Publishing Co., New York,
1960).

Before drawing the conclusions of this analysis let us summarise the
facts.

The maximum electron density of the F2 layer over Leopoldville has
the following peculiarities:

(1) A global semi-annual variation in phase with the variation of mag-
netic activity which geomagneticians have good reasons to believe to be due
to a corpuscular effect.

(2) The highest percentage of the six-month variation occurs at night
almost simultaneously with the maximum of electron density.

(3) A diurnal variation with a pronounced maximum situated as late
as between 2100 h and 2300 h L.M.T.

(4) A very high rate of increase with sunspot numbers of the electron
density between 1800 h and 2400 h L -M.T., and low values for mid-day.

(5) A "saturation effect" noticeable with increase of sunspot number
between 7000 h ane. 1900 h U.T. A similar effect also appears in the E
layer. For the remaining hours the relationship is linear.

These points are hard to explain by the sole use of a drift theory, al-
though some drift must occur.

What is important, is that rding to the time of the day, one of two
different types of phenomenon bt nes preponderant. The high rate of
lonisation at night, the six-monthly variation, the different character of
sunspot influence during the day and at night, may be readily explained by
an incoming flux of corpuscles of low energy which is almost completely
lost In lonisation processes in the F2 layer. These particles cannot be
considered as cosmic rsys but must originate from regions in the proxi-
mity of the earth, and may not be the only acting agey. V the view ex-
pressed here is correct, the geomagnetic control of the F2 would appear
to be due partly to corpuscular deflection and partly to Martyn's drift
mechanism. A second paper in these Proceedings gives further eviamnoe
from a different point of view.
MGA
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HERRINCK, P. Study of the evolution of the ionospheric F2 layer at Leopold-
ville-Binza. Ann. Geophys. 16, 77-87 (1960). (In French.)

The present investigation of the maximum electronic density of the F 2

layer shows: (1) a semi annual global variation, in phase with the varia-
tion in magr-etic activity; (2) a marked semi annual variation between 09
and between 23 and 02 hours U. T. and a marked annual variation for the
remaining hours; (3) a considerable rate of increase with sunspot numbers
between 18 and 24 hours L.M.T.; (4) a maximum between 21 and 23 hours
corresponding with a maximum of the half thickness. Owing to the diffi-
culties encountered in explaining these particularities only by the action of
photonic ionization and drift, it seems justified to consider extra ioniza-
tion due to corpuscles accelerated in a region near to the earth.
PA

HERRINCK, P., and J-. Goris. Evolution of the maximum electron density of
layer E at Leopoldville-Binza. Geophys. Pura Appl. 45, 153-166 (1960).

Data relative to the E layer over Leopoldville are analyzed for the
period between the end of the last solar cycle and the maximum of the
present one (Feb. 1952 to Dec. 1958). It is shown that the diurnal varia-
tion of the maximum electronic density follows the Chapman law very well;
in logarithmic coordinates the regressions are linear. The two parameters
of this regression, the ordinate at the origin (logarithm of the maximum
density for a zero sun-height) and the slope, are expressed in function of
the Wolf number R. Their seasonal variations are studied theoretically
and from the actual data; it is shown that the seasonal variation of the
electron density is essentially due to the geometry of the Earth-Sun sys-
tem.
MGA

HEWISH, A. The diffraction of radio waves in passing through a phase-
changing ionosphere. Proc. Rny. Soc. A 200, 81-96 (1951).

The radio waves from 'radio stars' may suffer irregular phase changes
In passing through the terrestrial Ionosphere, so that when they reach the
earth's surface they produce a disturbance in which both amplitude and
phase vary over the ground. In this paper it is assumed that the wave
emergep from the Ionosphere with amplitude constant but with phase vary-
ing across Its wave-front, and deductions are made about the diffraction
s)atern produced at the ground. ft is shown how, from a knowledge of the
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way in which phase and amplitude vary at the ground, it is possible to de-
duce the average magnitude of the phase deviations produced by the iono-
sphere and their lateral extent. It is also shown how an investigation of
the diffraction patterns produced by different wave-lengths may lead to an
estimate of the dist',o.ce of the effective diffracting screen from the plane
of observatioin. Exp2riments to de'termine the diffraction pattern formed
at the ground by waves emitted from a radio star are described in outline,
and an application of the theory to some of the observations indicates that
the ionospheric irregularities have a lateral extent of the order of 5 km.
and are sufficient to cause a phase deviation of 1 to 2 radians for a wave-
length of 6.7 m.
A

HIGGINS, T. P. Determination of the earth's conductivity by measurements
at the surface. I. Linearly varying conductivity. Mathematical
Note 236, Boeing Scientific Research Laboratories, Seattle, Wash.
(March 1961). AD-255 865. [For reference at ASTIA Hq. only.
ASTIA does not furnish copies. A copy may be obtained from the
author (1961).]

Maxwell's equations are determined for a transiently excited magnetic
dipole over a two layer flat earth in which the conductivity varies arbi-
trarily as a function of depth. The general boundary value problem is
solved formally Using Laplace and Hankel transform techniques. A com-
plete approximate solution is obtained for constant conductivity and for
conductivity which varies as a linear function of depth.
ASTIA

HINES, C. 0., and E. N. Parker. Statement of agreement regarding the ring-
current effect. J. Geophys. Res. 65. 1299-1301 (1960).

An earlier disagreement between the authors on the rate at which a de-
crease in field can be propagated through the earth's exosphere is outlined
with reference to two extreme models. A new model is described, ex-
plaining the origin of the ring current, and on this agreement has been
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reached. A rapid propagation of the disturbances produced is consistent
with the main phase of a geomagnetic storm.
PA

HINES, C. 0. Symposium on the Exosphere and Upper F region: Summary of
proceedipgs. J. Geophys. Res. 65, 2563 (1960).

A decade ago it was commonly believed that the hydrostatically sup-
ported atmosphere of the earth decreased in density to very low values
within a few hundred kilometers of the earth 'a surface. This view was
based on assumed thermodynamic temperatures of only a few hundred
detrees, applied to the oxygen and nitrogen atoms which dominate at the

-h64hts concerned. Similar considerations Indicated a corresponding con-
finement of the overlying exosphere-of the region, that is, where the
constituent neutral atoms are free from significant collisions wit.a ne
another, and where instead their motions follow ballistic trajectoriks. As
a consequence of these conclusions, the total extent conceived for the

earth's sensible gaseous mantle was limited to heights of a few thousund
kilometers at most.

These views are, of .ourse, now totally revised, and regions of the
earth's atmosphere out to several earth radii are currently subject to
intensive study by a- wide variety of techniques. In order to provide a
forum for the discussion of recent results and even newer speculations,
a symposium on the exosphere and upper F region was sponsored by Com-
mission HI of the United States National Committee of URSI at the 1960
spring meeting in Washington. A number of formal presentations were
given, and they were accompanied by several informal contributions aaid
much discussion. The present paper constitutes a report on the proceed-
ings.

The prepared contributions fell roughly Into four bro dcategories,
all concerned primarily with quiescent conditions and with major conati-
tuents. First, the general features-of the exosphere and upper F region
were discussed, and the various neutral particles and positive ions that
dominate in successive height rang were debated. There followed a
number of papers concerning electron densities in and above the F region

as revealed by mganetolonic refractive effects imposed on radio trumi-
missions from rockets and artificial satellites. Refractive effects can
also be applied towa ftu4 of the Integrated electron content, even when
detalied denaites cannot be'derived, and papers purmftg We line of
attack came ne*t. Finally- grou of papers treated reeemt development
in the -study of eleeftro 44uMtf'imid eloctron-ion Wemperabuve anMOW,
-ured by mensh of" 10 icoherent8Csfto( radio waves from tnadlvlbdal

elootrns. These four groups of ppers, together wilh the oorreapodhig
-diasuasion and related mtuerial, are reviewed in die following four see-
-tons and summarised in a fifth.
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In the. review, no attempt is made at an encyclopedic abstract of the
proceedings. In-stead, the salient and tnterrelated points of the entire
discussion are emphasized At the expense of detail, and are even expanded
upon in eertain cases. In order that some of tize more detailed aspects of
th., prnceedings should be conveniently available, ho-wever, the various
contributors were Invited to provide summaries of their m~aterial, or full
manuscripts if publication wan imminent anyway. The papers that were
forthcoming before the publication deadline are printed immediately after
this report.
Excerpt

HINES, C. 0. Geomagnetism. and the ionosphere. IN: Proc.Ineatoa
Conference on the Ionosphere, London, 1962, 103-114 (The Institute

of Physics and the Physical Society, London,* 1963).

Interactions between the geomagnetic field and the Ionosphere are re-
viewed.. These occur on the largest scale6, under the influence of the inter-
planetary plasma, to determine the overall configuration both of the field
and of the distant ionosphere. They include rotational interactions on the
same scale, which serve to maintain much and perhaps all of the iono-
spheric medium co-rotating with the earth.- On a somewhat smaller but
still global scale they include tibdl and storm phenomena, which alter
both the field and the ionospheric characteristics and which probably play
a major part in auroral and related pbenomena. They occur in more lo-
calized fashion within ionospheric Irreglarities of various types, and on
a shorter time scale In magnetically dominated waves, both hydromag-
netic (in microustos an magneto-ionic (in v. 1. f. emissions). Sa-
lient features of all these Interacions are discussed briefly, following an

intrducoryreview of the bydromagnetic and equi-potentlal techniques
that permit a succinct descriptio of most of them.
A.

KUgNO, L. M. On fte Infence of the Hall current to th elecft-ilo coaduc-
Ativt Of the Goos re. Tbecmag. GeOci. 2,1- (May 1960)

I is'sueted tat theefec of the electric field produced by the
vertial coompowd atl the Hall curret tageher with the smaller eftect
due to Uts horimmutl omapcmsit, o moaycmuct,, along the maps~e equa-
tor IS the toboopbere, a narrow regin, In which the cmdWActVlt Mer
the level of the 3 laye Is much greaer tha In the other latitudes. This
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result is considered to be In accordance with the latitude distribution of
the range of diurnal variation of terrestrial magnetism.
PA

HIRONO, M. On the Influence of the Hall current to the electrical conductivity
of the ionosphere U. J. Geomag. Geoelec. 2, 113-120 (Dec. 1950).

It Is shown that there is a narrow region along line of zero dip near
the E layer, of about 15. of latitude wide in which Condurtivity is very
great, as a result of polarization by the Hall current. The effect of thi&
belt is discussed by the dynamo theory, giving the result that this belt
will cause enhanced diurnal variation of magnetic field near the geomag-
netic equator.
PA

HIRONO, M. A theory of diurnal magnetic variations in '�ijatorial regions
and cc�nductlvlty of the ionosphere E regio� J. Geomag. Geoelec.
4, 7-21 (AprIl 1952).

The theory reported by the author (1950) is discussed further in de-
tail. A dynamo theory for the E region with anisotropic conductivity,
which is linked by highly conductive lines of magnetic force to the F re-
glen, is examined. A case that the E layer wily makes a tidal oscillation,
which produces observed lunar diurnal current system. is calculated. It
ii found that, In middle latitudes, the induced polarization field in E-W
direction due to the Hall current is greater than that dua to the direct cur-
rent, and the vertical drift of the F2 layer due to this polarization field
seems to be adequate for the observed F2 lunw', variation. According to
the prc sent theory, conductivity of the K region at the magnetic equator
decreases with increa.e of the main magnetic field, and the distribution
of range of magnetic variations along the magnetic equator, reported by
Egedal, seems to support tt iis rel. on.
PA

HUW10, M. A theory of diurnal magnetic variations in equatorial regions
and conductivity of the iono�l ! �.. on 2. J. Oecuiag. Gecelso.
5, 22-38 (1953).

Ii succession to Pt. 1, the electrical con4activlty of the I region is
calculated In game detail for two atmospheric models. I is shown that
the factor, by which the tidel oscilL2tlon of the I region exceeds that at
ground level, should be less han i@�, In order to give the observed lunar
magnetic variation. The calculated Iwar vertical movement of the I
region is nearly In phase with that observed In So� England and nearly
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vertical movement of the F2 region roughly agrees with that observed. It
is suggested that the vertical drifts of the F2 region near the magnetic
equator may be much greater than those in the other latitudes.
MGA

HIRONO, M., and H. Maeda. Geomagnetic distortion of the F2 region on the
magnetic equator. J. Geophys. Res. 60, 241-255 (1955). Similar
material was published in J. Geomag. Geoelec. 6, 127-144 (1954).

The direct relation between the geomagnetic Sq-variation and the ver-
tical electron drift of the F2 region on the magnetic equator is examined.

It is shown that the electric field in the F2 region accompanied by Sq
electric current produces the vertical drift which 's sufficient to interpret
the main features of the anomaly of the F2 region on the equator. It is to
be noticed that the main term of the drift velocity is diurnal. The daily
variations of the maximum electron density and its height in the F2 region
are calculated under consideration of the vertical electron drift for the
reasonable distribution of decay coefficient with altitude inferred by ob-
served results. The calculated F2 daily variations have a striking resem-
blance with those observed near the magnetic equator. When the ion
production takes its maximum value aL about 200 kin, there appears a
lower secondary maximum of electron density which agrees well with the
observed F1 layer.

The change of characteristics of daily variations of the F2 region with
the sunspot-cycle is likely to be accounted for by a slight shift of the phase
of the drift.
A

HIRONO, M., and H. Maeda. Characteristics of the F2 layer on the mgnetlc
_ ie 2r. Rept. Ionosphere les. Japan 9, 86-94 (1955).

The eastward component of the electric field producing the Sq current
on the magnetic equator produces the vertical drft of the F2 region it
the same time, and the main term of the drift valoally is diurnal. The
calculated daily variations cf th F2 region, umIer conslderatim of this
drift, ha" a str•klin resemblance with, tose observed near Vie magnetic
equator.

The difference of the effcive conduoUvity of the 2 region in g-W
direction for the two atumspheric models (a&) and (b) ts faiely mail,
,hence does not give rise to an appreciable diffetrene of ta eimaon of
the drift velocity for the two models. The present resl, therafo, Is
substantially correct for the model (b) in Part IV an the magnetic equator.
Excerpt
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HIRONO, M. Effect of gravity and ionization pressure gradient on the vertical
drift in the F2 region. Rept. Ionosphere Res. Japan 9, 95-104 (1955).

In Pt. 4, the effect of gravity and ionization pressure gradient is ax-
amined in relation to the vertical drift by electrodynamic force in the F2
region. It is found that if the number density of the gas at 300 km level
is not much less than 10 1 0/cc the semi-diurnal variation of the hmF2 can
be interpreted by drift theory.
N

HIRONO, M., H. Maeda, and S. Kato. Wind systems and drift motions In the
ionosphere deduced from the dynamo theory. J. Atmos. Terrest.
Phys. 15, 146-150 (1Vi9).

Since the analyses and theoretical researches of Martyn (1947) and
others it is increasingly evident that the ionization drift due to electro-
dynamic forces may produce a number of anomalies in the ionosphere.
In recent years the equatorial anomaly of the F2-region was studied
(Maeda, 1953; Hirono and Maeda, 1954) and it was shown that the main
part of the anomaly can be interpreted by vertical ionization drift accom-
panied by solar magnetic variation. These results suggest that many
other ionospheric anomalies may be interpreted by drift due to the current
system producing the daily magnetic variation. The dynamo theory of
the ionosphere has been investigated by many workers, but most problems
were unsolved as regards d!ily variation of the anisotropic electrical con-
ductivity. An at empt to solve these problems is presented.
PA

HRSH, A. J., and R. W. Knecht. On the mean temporal variations of elec-
traodensity at a fixed height in the F reion. J. Geophys. Res. 67,
595-600 (1964.

Monthly mean values of electron density obtained at 280 km over
Puerto Rico, from ionospheric vertical soundings, have been studied for
the period Febuary 1959 to January 1960.
JPL
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HORNER, F. The reception of atmospherics at high frequencies. J. Atmos.
Terrest. Phys. 4, 129-140 (1953).

Observation of the amplitudes of atmospherics received in the high
frequency band offers a possible method of assessing the distances of
their sources. In a preliminary investigation of the potentialities of the
technique, atmospherics have been recorded simultaneously at two fre-
quencies in the upper part of the h. f. band. Reception would be expected
at both frequencies from sources within ground-wave range (about 100 kim).
At rather greater distances, such that the receiving point is in the skip
zone for both frequencies, no reception should be possible. There should
then be a zone from which there should be reception on the lower frequency
only, and at greater distances energy should again be received at both
frequencies.

The preliminary results conform generally with this pattern, and the
boundaries of the various zones are in agreement with the ionospheric
data derived from vertical incidence soundings. The sources of the at-
mospherics observed were located by use of the network of direction
finders operated by the Meteorological Office. I is concluded that the
technique forms a basis for routine estimation of the distances of storms
and merits further examination to determine more precisely the accuracy
which can be achieved and to overcome certain practical difficulties in
the observations.
A

HRB-SINGER INC. A study of the phenomenon of transquatrial propagation.
Rept. 262-R-1, HRB-Singer, Io., State College, Pemn. (1961).

No WMbtract available.

HWLBURT, Z 0. kJoaopher, skpdistances of radio waves, and poaa
tion of miorowaves. Proo. IRW fl, 1492-10 (1935).

Detailed description at ionosphere given, based on recent measure-
ments at Natlonji Bureau of Standards ad Department of Terrestrial
Mapetsm of Carmagie titue; hom ionosphere data, skip dist es of
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radio waves are calculated for temperature and tropical zones, with diur-
Enal and seasonal changes.

HUMBY, A. M. Equatorial sunset effect. Wireless World 65 343-345 (1959).

Several examples are given of a propagation anomaly associated with
communication links having terminals in equatorial areas. During years
of high solar activity it has been found that for equinox months there is
marked azimuthal scattering of signals for about two hours near local sun-
set at the equatorial terminal, making communication extremely difficult.
It seems probable that this effect is related to the disintegration of the F2
layer observed at Singapore near local sunset during equinox months. [B. W.
Osborone, J. Brit. histn. Radio Engrs., Vol. 12 (Feb. 1952)].
"EEA

HUNTLEY, H. E. Radio-astonomy in the tropics. Nature 172, 108 (1953).

In January 1952, the Physics Department of the University College of
the Gold Coast brought into operation a radio-astronomy observatory at
Achimota, about seven miles from Accra. iAs situation gives the station
certain advantages. Unlike stations In higher latitudes, its proximity to
the equator makes it possible to survey both the northern and southern
celestial hemispheres and to observe the sun at zenith angles which are
relatively small throughout the year.

The station's equipment includes a twin aerial array forming an inter-
ferometer, each array oons'stln of eight horizontal full-wave dipoles with
ground screen, the spacing between the arrays being 30?X (A,- 6. 7 )
Preamplifiers are provided at eas& aerial array, to neutralize attenuatio
losses in the cables and increase the signal~ocise ratio. The line joining
the arrays being In the east-west direction, the collimtation plans contains
the meridian. The Interference pattern is such "hatsh angular sepaation
of the maxima or minima o central lobes is about 2 In Right Ascension.

The roeever and amplifiers Incorporate the phase abanging Switch
described by Byle. This delicately adjusted unit was constUcoted by Skilled
"African mechanics ia the SCincM workshops of the University Coll8 On-
der the Supervision of Fr. J. R. Koter, a lecturer in the Physics
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Department. The output of the receiver is recorded by an Evershed and
Vignoles duplex recorder which employs a siphon pen writing on a clock-
driven paper strip, the speed of which can be varied within wide limits.

The construction and maintenance of a radio-astronomy observatory
in the tropics occasion certain difficulties which are not encountered in
temperate climes. All wood associated with the aerials must be impreg-
nated with creosote agai.nst the ubiquitous white ant. Tropical undergrowth
which would speedily obliterate the ground screens requires frequent at-
tention. To meet the danger of flooding as a result of tropical rain storms,
the hut which houses the receiving equipment is built on piles. Thunder-
storms are of such frequency and violence at certain seasons that the reg-
ister shows little more than a continuous record of lightning flashes. The
tropicalization of electronic apparatus is obligatory. Even so, there has
been a disappointing series of failures of components, particularly trans-
formers, followed by an unavoidable delay in repairs since replacements
must be obtained from overseas.

In certain respects, however, this tropical station has advantages.
Such excellent wood as African mahogany is immediately available and
cheap. Unskilled labour is plentiful and inexpensive. The African 'lord
of the manor' demands only a token rent for the land occupied by the sta-
tion. There is, moreover, a latitude of choice of pitch which makes the
avoidance of man-made electrical interference relatively simple.

The current programme of work in the observatory includes the hour-
by-hour recording of ionospheric (F-layer) disturbances of radiation re-
ceived from radio stars. It has already become cloar that at certain
seasons the incidence of these disturbances is more frequent in tropical
than in temperate latitudes. IA was a cause of some surprise that they are
often of such violence as to obliterate almost entirely the radiation of so
conspicuous a radio star as that in Virgo. The sun's activity at noon is
of course included in the daily record, so that sunspots and such solar
flares as are active at midday are under observation.
Excerpt

RUTTON, Rosemary. Regulir micrapu" atlons of the earth's field at the
uftor, Nature 186, 955-956 (1960).

The diurnal variation of occurrence of reular pulsatoms, po, of the
Earth', mapeUc field has been studied by many workers and it haa been
found, in all the smos reported, that the phenomenon is prydominantly a
day-time one. Typical of the resduts of magnetic mesurmmenta ane those
obtained In Gernmny by Angeheister, for periods of 30-60 sec., which
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have a maximum frequency of occurrence at 10-12 hr. L.M.T. The
measurements of Earth currents, obtained in the U.S.S.R. by Mine.
Troitskaya, are representative of that experimental approach and they
show a maximum frequency of occurrence around 11-13 hr. L.M.T.
Most of the results reported have been confined to mid-latitude stations.

At the symposium on "Rapid Variations of the Earth's Field" held at
Utrecht in September 1959, 1 gave a brief report of an analysis of records
of Earth currents obtained at Legon, Ghana Oat. 50 38', N., long. 0° 11'
W.). This analysis indicated that, at this station, regular pulsations of
Earth currents occur during the night as well as during the day and, in
fact, that the maximum frequency of occurrence for the whole day is at
approximately 18-20 hr. G.M.T. The diurnal variation of frequency of
occurrence of regular pulsations, pc, for all days, is shown in Fig. la,
which was the result of an analysis of records of Earth currents obtained
between October 1957 and December 1958. More recently, analysis of
magnetic records obtained from an induction magnetometer, recorting
dH/dt at the same station, has shown a similar night-time occurrence of
regular pulsations, In addition to the day-time occurrence normally ex-
pected. The results of this analysis, which was made for the months of
May, June and July 1958, are given in Fig. 1b, together with the results
obtained from records of Earth currents for the same 3 months. Both
graphs show three maxima, occurring at 6 hr., 12 hr. and 20 hr., and
in each case the night-time maximum is the greatest. In fact, there is
approximately a 50 per cent chance that regular pulsations will occur
between 19 and 21 hr. It is probable that the difference In level of fre-
quencies of occurrence in the two cases is due partly to the different
sensitivities of the telluric and magnetic recording systems, and partly
to the fact that the Earth-current records and magnetic records were ex-
amined by the same observer at different times. A separate study has
also been made of the degree of subjectivity in the examination of records
for the occurrence of these regular pulsations, by having three observers
independent±• a.yse the same records. In all cases, the results gave
rise to graphs of very similar form to that in Fig. la, but the mean value
of frequency of occurrence differed from one observer to another, a factor
which was abt of primary importance in the present study.

This analysis of both telluric and magnetic records and the indmpen-
dent examination of records by three observers confirms te existence of
regular pulsations, pc, during night-time as well as during the day, In
the equatorial region. An example of these night-time pulsatics, on both
Earth-current and magnetic traces, Is given In Fig. 2.

The Earth-current results have been further analysed to give the
diurnal variation of occurrence of regular pulsations for quiet days only
and for different seasons of the year and the results compared with a
similar sht* of r1sults from Tamaarasset(log. 22" 48' N., iat. 53 31'
3.). Two of the mafi deductions which may be made fren this
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investigation, which will be reported more fully elsewhere, are: (1) that

the frequency of occurrence of regular pulsations at night is greater at

Legon than at Tamanrasset; and (2) that, for quiet days, in the interval

('-14 hr., the frequency of occurrence of regular pulsations at Legon is
almost the same as that at Tamanrasset. In both cases there is good
agreement in this time interval, with the occurrence of the phenomenon
at other stations.
Excerpt

HUTTON, Rosemary, and R. W. H. Wright. Diurnal variation of earth cur-
rents at the equator. J. Atmos. Terrest. Phys. 20, 100-109 (1961).

Earth current measurements made at Legon, Ghana (5* 38' N, 0° 111
W) are analysed for P. period of 15 months. From the analysis, the mean
diurnal variation is found to be 180 mV/km and the current direction is
shown to be at right angles to the nearby coast line. The diurnal varia-
tion of earth currents for both quiet days and disturbed days is given and
the effect of the different seasons on the quiet day variation is also ex-
amined. Good agreement is found between the shape of the diurnal varia-
tion curve for earth currents and the diurnal variation of dZ/dt, the rate
of changc of the vertical component of the earth's magnetic field, and the
anomalously large value of earth current amplitude is shown on compari-
son with data for other equatorial stations, to be related to the anoma-
lously large daily range of Z which occurs near the equatorial electrojet.
A

HUTTON, Rosemary. The solar and lunar daily variations of earth currents
near the magnetic equator. J. Atmos. Terrest. Phys. 24, 673-680
(1962).

The results of analyses of earth current measurements at two sta-
tions in Ghana, Legon (5* 38' N, 0 11' W) and Tamale (9" 25' N, 0* 53'
W), are discussed and it is suggested that in the equatorial region, the
electrojet causes an enhancement of the solar daily variation of the earth
currents by a factor of 6 or less. To account for the seasonal change in
the 8 q variation, it is suggested that there may be a seasonal shift In the
mean position of the 8 q current system and of the electrojet. The annual
mean 8 D hodograph was constructed and shows a marked deviation from
its averge behaviour at approximately 1800 hrs. An estimate of the mag-
nitude of the lunar variation of the earth currents at Legon was also ob-
tained from one year's data. I is approximately 12% of the solar daily
variation.
PA
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HUTTON, Rosemary. Equatorial micropulsations and ionospheric disturbance
currents. Nature 195, 269-270 (1962).

The times of occurrence of regular geomagnetic pulsations, pc, of
period 20- 30 sec which has a maximum of occurrence in the evening at
the equatorial station, Legon, Ghana and a midday maximum at mid-
latitude stations have beer correlated with the disturt-bance daily variation,
Sd, of the earth currents. It is concluded that the most probable times of
onset of geomagnetic activity of type pc coincide with the three daytime
maxima of Sd, i.e., 6 hr, 12 hr and 18 hr. The night time maxima of Sd
are found to correlate fairly well with% the maxima of occurrence of pt
pulsation activity.
MGA

HUTTON, Rosemary. The disturbance daily variation of the earth's field
near the magnetic equator. J. Geophys. Res. 68, 2395-2402 (1963).

The SD variations of the horizontal and vertical magnetic elements of
the earth's magnetic field at nine mid- and low-latitude stations and of
the earth-current components at Legon, Ghana, are presented and dis-
cussed. For stations in the region of the equatorial electrojet Wi Africa,
the SD variations differ considerably from those at midlatitudes. The
difference between the equatorial SD and the midlatitude SD is found to
consist of variations with a midday maximum in H and a midday minimum
in Z. This finding suggests that there is either (a) an additional SD cur-
rent near the magnetic equator or (b) an increase in the strength and
width of the equatorial electrojet during magnetic disturbance. Also the
earth-current SD variation is found to agree reasonably well with the
derivative of the SD variation of the total field F.
A

HUTTON, Rosemary. The S variation of earth currents near the magnetic
equator, its seasonal chants, and its relation to variations of the

magnetic field. J. Geophys. Res. 68, 2403-4410 (1963).

The harmonic coefficients of the earth-current variations at two eta-
tions in Ghana are presented and discussed. The ratio of the two princi-
pal harmonics of the variations at Legon are feund to exhibit a seasonal
variation, which is interpreted as arising from it shift in the position of
the electrojet axis. Chapman and Whitebead's expresions relating
eartb-current variations with variations of the magnetic field are dis-
cussed, with reference to corresponding relations deduced by Tikhonov
and Lipskays.
A
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IBRAHIM, Z. The abnormal variations of the horizontal magnetic intensity
at Huancayo, Peru. Proc. Math, Phys. Soc. Egypt 1, 21-24 (1953).

In previous papers published in the journal, calcu.dations were made
of the ionospheric current systems which would arise from lunar atmos-
pheric tidal motions as in the Stewart-Schuster dynamo theoy taking into
account (1) the obliquity of the earth's magnetic axis, (I1) non-isotropic
conductivity of the ionosphere as a result of the reduction of the conduc-
tivity of the ionized layers caused by the earth's magnetic field which was
pointed out by Pedersen, and (Il) the dependence of the conductivity on
the sun's zenith distance by taking the electron density values from Mil-
lington's charts. The current functionz were calculat(d for equinoxes in
two cases, (I) when the sun and the moon are in the plane containing the
geographic and the magnetic axes, and (HI) when they are 90* east of that
plane. In this paper the magnetic field of the derived current system is
calculated at various points on the earth's surface and the daily variation
of the horizontal component at Huancayo was found to be nearly twice in
intensity as the daily variation at Batavia.
MGA

INGRAHAM, R. L. Note on the tidal theory of the Sq magnetic field. J.
Atmos. Terrest. Phys, 16, 263-273 (1959).

The observed ratio of the diurnal to the semidiurnal components of
the S field is greater than unity, although one would expect a ratio aboutq
a thodsand times smaller on order of magnitude tidal theory. We there-
fore have made an exact calculation using a dynamo theory, with a certain
analytically manageable model of diurnal and semidiurnal tides derived
from the linearized Taylor-Pekeris theory to see whether "accidental"
features might arise. A is shown that the anomaly persists. Possible
explanations of the puzzle based on the details of this tidal theory are
suggested. (1) There may be a resonating diurnal mode besides the well-
established semidt-rnai one. (2) Diurnal and semidiurnal motions rise to
high maxima around latitudes 30°N and S and in the polar regions, re-
spectively, as a result of the rotation of the atmosphere. This feature is
ignored in both order of magnitude theory and in our model. The diurnal
maxima should have much greater weight than the semidiurnal in the in-
tegral for the 8 field.
A
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IGY, U. S. National Committee for. Mapt ams and hourly values - Guam,
Mariana Islands. Rept MHV - Gu 58, 1, U. S. Department of Com-
merce, Coast and Geodetic Survey (1950).

This report is the first of a series presenting the records of the Guam
Magnetic Observatory in the form of quarter-size reproductions of the mpg-
netograms and tables of hourly mean values of each of' the magnetic ele-
ments - declination (D). horkzontal intensity (H), and vertical intensity (Z).

The hourly values were processed by punched-card methods. in the
Washington Office of the Coast and Geodetic Survey. o

The Guam Magnetic Observatory was established in July 1957 as a part
of the International Geophysical Year program. It was one of twenty magr
netic observatories constructed especially for the MY and operated by the
Survey in the United States (including Alaska), Oceania, and Antarctica.
Instrumentation was provided by the Coast and Geodetic Survey for ten
others in the Pacific, in South America, and in the Arctic akd Antarctic,
the stations being operated by other institutions.

The initial consideration by the U. S. National Committee, IGY, in the
establishment of the Guam observatory was to provide a comparative basis
for study of the "equatorial electrojet" eL •ct as revealed by the magnetic

records at Koror Magnetic Observatory, near the dip equator and some
1300 km (800 miles) southwest of Guam. The importance of its continued
existenýe being recognized, Guam observatory is still (1960) in operation.
It provides data valuable in following the east-west effect of magnetic secu-
lar change phenomena, in the more accurate charting of the earth's mag-
netic field in t;ýis region, a&M ir. the study of transient phenomena In eqla-
torial regions.

The net of pormanent magnetic observatcries operated by toe Coast
and Geodetic Suney extends %o almost 1500 `n longitude. The Sa-vey now
regularly operates eight ow~rvatories, the Ather seven being located at
Fredericksburg, Vhrgn; Honolulu, Hawaii; San Juan, Puerto Rmcoý Tucson,
Arizona; Barrow, College, and Sitha, Alaska. In addition, two Antarctic
obserratories, constructed for IGY, ea6e being continued by the Sur(ey
under the U. S. Antarctic Rescarch Proram. These are at Byrd Station
and the South Pole.
A

IGY, U. S. National Committee for. Mafgetograms and hourly values - Koror,
Palau Islands. Rept. MHV-Kr 68# 1, U. 8. Department of Commerce,
Coast and Geodetic &rvey (1960).

Scieatsts In geom at research have for some years been interes-
t4 n obtaining information on the magnetic variations deir the maspetc
equator In the Pacific Ocean area. When the U. 7. National Committee
first began planning its program for thb hiternational Geophysical Year, it
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was decided to establish a station a Jarvis Island, which lies near te in-
tersection of the geographic and piagnetic equators. Later, owing to in-
creased interest in magnetic equatorial stations for studies of the "equator-
ial electrojet," the Committee decided to establish another such station in
the Pacific. Koror, an Island in the Palau group of the Western Caroline
Islands, was selected for logistic and scientific reasons. As it turned out,
the choice was excellent, the magnetic dip alternating between nortL and
soeth values on many days. The Guam Magnetic Observatory, also estab-
lished as part of the IGY program, is less than ten degrees distant from
Koror, providing an opportunity for comparison of data in regard to the
electrojet effect.

From 1926 to 1941 the Japanese Hydrographic Office conducted mag-
netic observations in a special nonmagnetic structure near their weather
station on Koror. It is understood that only declination observations were
made and the annual mean values have been published. AU original records
are believed to have been destroyed by fire during World War 1. This
earlier site was found by the Coast and Geodetic Survey, bet the site is now
artificially disturbed. Determination of the station difference was therefore
impossible.
A

INTERNATIONAL SYMPOKUM ON EQUATORIAL AER)NOMY. J. Geophys.
"Re.. Le,

The Symposium was held near Huancayo, Peru, from 1 to 25 Septem-
her M2. Sixty people from 18 countries attend, and the scientific ses-
sions, were arrangeti Into 9 groups as follows: (1) The regular equatorial_
D and E regions, absorption in the D, K and F regions, D- and E -region
airglow. (2) The equatorial eleaonJet; theory and observatios, includings
inferences from magnetic and earth-curent studies, lunar effcts, long-
"And and latitudinal variations. (3) Irrogularities in the equatorial eleo-o
trojet. (4) The equatorial F-region eleotra-denslty distribution. (5) Air-
glow in the equatorial F-r"gon. (6) Theray of the equatorial F-ragion;
photochemistry, ditMson, 9lectrud c (7) Irreularities lnthe equa-
tor'.1 F-ragion; Inferences fom spread F and satellite radio signals. (a)
Theories of the origin of F-region 9. () The equawrial no-
sPhere; cosmic-ray effect in the equatrial iosermagnetic suom
effects, solar - terrestrial relations, sybl a radiation, effects of
nuclear eqpasio•s.
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INTERNATIONAL SYMPOSIUM ON FLUID MECHANICS IN IONOSPHERE.
J. Geophys. Res. 64., 2037-2238 (1959).

A Review of the Symposium ............... R. Bolgiano, Jr. 2037
Transactions ........................... H. G. Booker 2042
Constitution of the Atmosphere at Ionospheric Levels

Marcel Nicolet 2092
Ionizations and Driftsin thelIonosphere ....... J. A. Ratoliffe 2102
The Natural Occurrence of Turbulence ..... ... R. W. Stewart 2122
Dynamnics of the Upper Atmosphere ........... P. A. NleppBwd 2116
Visual and Photographic Observations of Meteors and

Noctilucent Clouds.........Peter M.Millman 2122
Measure~ments of Turbulence in the 80- to 100-Km Region from

the Radio Echo Observations of Meteors
J. S. Greenhow and E. L. Neufeld 2129

Outline of Some Topics in Homogeneoums Turbulent Flow
S. Corrain 2134

The Motion of Fluids with Density Stratification. . Robert R. lowg 2151
Radio Scattering in the Lower Ionosphere ..... Henry Go Booker 2164
Large-Scale Movements of lonozatioua in the Ionosphere

D. F. Martyn 2178
Scattering of Waves and Microstructure of Turbulence

in the Atmosphere....................... A. M. Oboukhov 2180
Effect of a Magnetic Field on Turbulence in an Ionized Gas

J. W. Dumpey 2158
Note on Some Observational Characteristics of Meteor

Radio Echoes . ...................... .. s. .. P. M. Millman 2192
On the Structure of Turbulence In Electrically Neutral,

Hydrostatically Stable layers ..... ..... H. A. Panofeky 2193
On the Similarity of Turbulence in the Presence of a Mea

Vertical Temperature Gradient ............ A. S. Monn 2196
On the Spectrum of Etlectron Density Produced by Turbulence In

the Ionosphere In the Presence ci a Magnetic Field
I.: D. Howells. 2186

Evldenc o Elongata Ireua Itsin the Icmospbere.. Do N4chols 2200
Georphlop o *COW FL and Characteristivs of
Equatora fireadF..... R W. .H. Wrigh 2203

Eddy Diffusion and Its Effect an Meteor Trails. L.S Greenhow 2206
An Interpretaton od Certain Ionospheric Mbotin in Terms

of Atmospheric Waves .................. C.O06 Hies 2210
On the Inflence of the Mognetic Field ft tdo Cbaracter of

Tnrbulenc.Intbeloiaspepe ........... ... L s. oltsyu 221.
Maptoydrodymamlos of the balSaeSfom.o

the F Region. * .*. ~....J. P0. lDoeharty 3215



Electrodynamic Stability of a Vertically Drifting
Ionospheric Layer .................... J. A. Fejer 2217

Effect of Density Variation on Fluid Flow ....... Chia-Shun Yih 2219
Turbulence in Shear Flow with Stability ......... A. S. Monin 2224

Turbulent Spectra in a Stably Stratified Atmosphere
R. Bolgiano, Jr. 2226

Relation of Turbulence Theory to Ionospheric Scatter
Prorpagation Experiments ............. A.D. Wheelon 2230

Traveling Disturbances Originating in the Outer Ionosphere
K. Bibi and K. Rawer 2232

Excerpt

IRELAND, W., and J. Mawdsley. Radio echoes from field-aligned ionization
at the magnetic equator. J. Geophys. Res. 67, 2583-2585 (1902).

Ionization giving rise to radar auroral echoes is field-aligned (Unwin,
1958) and appears to be associated with the intense ED component of the
electric current flowing in the auroral ionosphere at times of magnetic die-
tut.bance (Unwin, 1959). In view of this apparent association, Unwin (pri-
vate communication, 1958) suggested that an ionospheric echoing region of
field-aligned ionization might be a permanent daytime feature near the

magnetic equator, in association with the equatorial electrojet. 'he oppor-
tumity for us to test Unwin's suggestion occurred only recently.

Bowles, Cohen, Ochs, and Balsley (1960) and Egan (1960) have already
reported echoes from field-aligned ionization in the E region at Huancayo
on the magnetic equator at several radio frequencies up to 50 Mo/s. These
echoes occur only during the day and are thought to be closely associated
with the equatorial eleotrojet. According to Bowles and co-workers the
echoing region is about 7 km thick, and its center Is between 100 and 105

km abow, sea level; the echoes resemble, in several features, those ob-
served at auroral latitudes. The purpose of this note is to report observa-
tions of similar hobaes at a frequency almost dobere n previousy re-

ported, using a radar operating In the 3-meter band an board HMNZS
Royalist In the vicinity of Siapore.

Figure 1 summarizes part of the program carried out by Royalist.
Observations were made daily between 0800 and 1600 hos load time, with
te antenna beari• g magnetic east and aptio west respectively during
suocessive half-hour Intervals. Records were taken by moving a photo-
grapoic film continuously past an Intensy-modulated oscilloscope to give
a range-versus-time record. Ionospheric echoes were observed only on
June 20, 1961, the day the magnetic equator wa crossed. They were



It
observed on both bearings, being pri sent from about 1045 hours to 1445
hours, which, together with their absence or preceding and following days,
suggests a close resemblance to ttU H-W, :3-yo observations. From the
appearance of the slow-moving range-versus-time film, the signal-to-
noise ratio, averaged over several seconds, probably did not exceed 10 db.
Unless the echoes were unusually strong on Jane 20, they should normally
be detectable by a moderately high power radar (500 kw, 15 gsec pulses)
with a modest antenna (about 12 db gain) operating in the 3 meter band.

On the range-versus-time record the echoes, ranging from less than
200 to almost 600 km, displayed a clearly banded structure owing to the
vertical plane radiation pattern of the elevated antenna. This pattern can
be exploited to measure the height and thickness of the echoing region after
the manner of Unwin and Gadsden (1957). In our observations no echoes
were returned in the two lowest lobes because of Inadequate sensitivity.
Nevertheless, the separate range groups are readily identified with their
corresponding lobes, since only one combination gives plausible results
with the antenna pointing both east and west. This is shown in Figure 2.
When the most distant echo is associated with the third lobe, the echoing
region turns out to be effectively horizontal. Ii, instead, it Is associated
with the second or fourth lobe, respectively, the echoing region either
falls or rises rather rapidly to either side of the radar. Figure 2 actually
shows (for each range group) the average of eight estimates of the range
to the center of the echoing region distributed evenly throughout the observ-
ing period (four when the antenna was bearing east, and four west). The
average value for the height of the center of the echoing sheet is 111 knm,
individual values being spread over * 2 km from this value. The estimated
maximum error in determining the absolute height from a single observa-
tion of the echo in a particular range group is * 4 kIn. Atmospheric re-
fraction Is neglected in Figure 2. (It would drop the average height for the
most distant echo from approximately 1 km above to I km below the aver-
age for the whole sheet, the effect becoming less at shorter ranges.) The
spread in range of Individual echoes indicates that the echoing region ':a
never more than about 10 km thick.

The present observations support the idea that the echoing rep - A
associated with the electrojet. Both are daytime phenomena at about the
same altitude, and are coofined in latitude to a relatively narrow aone at
the mapetic equator. There is a suggestion that the echoing region may
be higher near SMnappre than Huancayo. Rocket magnetometer observa-
tions of the elecifoJet sugest a similar trend, and, Indeed, it may be that
the center of the echoing region Is to be Identified with tha height at which
the elentrojet current is a maximum. An early rocket flight noea Hue&4aco
(fSger, Maple, &ad Bown, 3951) failed to penetrate the current sheet
completely, itaccordi to 8ner (54) it was unlikely to extend much
above 105 km. Therefore, the maximum'probabdy lay between 100 and
106 km, close to the center of the echoing region measured by Bowles,
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Cohen, Ochs, and Balsley (1960). In mor~e recent flights Cahill (1959)
observed an electrojet current maximum over the central Pacific Ocean
at a height of about 105 kmn. However, it is 'mportant to remember that
the separate observations were made at considerably diffprent times, and
that the radio observatioxis were made at different frequencies - in our
work on only one day.
Excerpt

ISTED, G. A. Irregularities in the E region caused by atmospheric electricity.
Physics of the Ionosphere, 150-162 (The Physical Society, London,
1955).

It has been demonstrated that single-hop communication over distances
up to 1500 kin, on radio frequencies between 30 and 60 Mc/s, is practicable
when use is made of the irregularities existing in the E region. Many of
these irregularities give rise to sporadic echoes of short duration which
may be detected at vertical incidence when the E-region Is Illuminated byr
radio frequencies ranging from about 5 to 100 Mc/s. Some of these echoes
are undoubtedly due to ionization caused by meteors, but recent experi-
mental evidence suggests that the ma~ority observed on the lower frequen-
cies are due to weather clouds discharging upwards to the E -region -where
ionization is produced above the cloud. These upwardly directed weather
cloud discharges do not necessarily involve lightning between ground and
cloud but the change in the electric field may be detected at great distances
In the form of an "atmospheric. " This type of atmospheric can be distin-
guished from the type caused by lightning, and radio directional measure-
rnvts show that the greatest concentrations of both types emanate from
the great equatorial land mwsses illuminated in turn by the sun. Because
these world-wide upward cloud discharges maintain the E -region at a high
potential, the vertical field of which is found in areas of clear sky, they
exercise a rigid control over the ability of a local cloud to discharge, and
a close relationship therefore exists between the diurnal variation in the
number of world-wide discharges and the number of E-region sporadic
echoes.
A
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JACKSON, J. E., and S. J. Bauer. Rocket measurement of a daytime electron
density profile up to 620 kilometers. J. Geophys. Res. 66, 3125-3140
(1961).

The electron density profile ,wer the height range 225-620 kin, deter-
mined by the c.w. Doppler technique using a four-stage rocket launched
from Wallops Island on 27 April 1961, gives an F2 peak density which is in
excellent agreement with the vertical soundings data obtained at the same
time, and a practically constant logarithmic slope above. This is repro-
sentattve of diffusive equilibrium in an isothermal atmosphere at 1640"K,
and suggest" that there is thermodynamic equilibrium in the upper atmos-
phere.
A

JACOX). J. A., and K. Sinno. Occurrence frequency of geomagnetic micro-
,_ •lsu!• s. J. Geophys. fies. 65, 107-113 (Jan. 1960).

Am analysis of the occurrance frequency of geomagnetic micropulsa-
tiem lie bin been carried out using data obtained during the IGY from a
wo-xftMwie&Atwork of stations. From the characteristics of the diurnal

Sc oun mm frequency and their latitudinal and longitudinal dependence,
$be Svtxgconclusions are drawn: (1) The occurrence frequency of Pc's
increms aaste auroral zones are approached from lower latitudes. Also
the hour of the diurnal maximum occurrence appears earlier at high-
latude otaUons. (2) The occurrence frequency of Pc's depends not only
=c local time but also in part on universal time. The universal-time factor
afiects thr modulation of the diurnal occurrence by about 50 per cent. The
time 0 maiimum occurrinee of Pa's is about 21 hours GMT in the northern
•eiiai _rem. In the southern hemisphere the universal-time factor has
opposite phas to that in the northern hemisphere. When the universal-
time lasr is a maximum In the northern (or southern) hemisphere, the
norlt (or mat) geomagnetic pole in about 16 or V. hours LMT. The GMT'
dipeadene derived in this investigation shows about 7 hours' difference
compmred wMh Troitskaya's conclusion, which was based on data from sev-
eor& stations in o USSR.
Ai
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JACOBS, J. A., and T. Watanabe. The equatorial enhancement of sudden
commencements of geomagnetic storms. J. Atmos. Terrest. Phys.
25, 267-279 (1963).

A tentative theory is proposed for the well known enhancement of sud-
den commencements of geomagnetic storms near the magnetic equator.
The principal idea is that the equatorial electrojet which has been invoked
to explain the large amplitude of the quiet day daily variation in the (mag-
netic) equatorial regions is enhanced at the time of a sudden commence-
ment (sc) of a geomagnetic storm. The westward electric field which is
associated with the sc-variation of the geomagnetic field causes a down-
ward movement of charged particles in the ionosphere which accumulate
in the lower regions of the ionosphere. This yields an increase in the
ionospheric electrical conductivity and accordingly in the intensity of the
electrojet.
A

JASIK, H., ed. Antenna Engineering Handbook. (McGraw Hill Publishing Co.,
Inc., New York, 1961).

The "Antenna Engineering Handbook" is intended to serve as a com-
pendium of antenna design data and principles. Although it is expected
that it will prove most useful to the engineer who is actively engaged in
designing antennas, it will also be of considerable use to the electronic
systems engineer who desires to understand the capabiltties and limita-
tions of the antenna as a component. The treatment is at the engineering
level and is directed toward am understanding of antenna problems in addi-
tion to presenting an extensive collection of design data. Within its scope,
it is believed that this handbook represents the most comprehensive treat-
ment of the antenna art which has appeared in book form to date.

To keep the size of the Handbook within reasonable bounds, it has been
necessary to select for presentation only those areas which are of greatest
current Importance to the antenna engineer and designer. Accordingly,
the major part of the coverage is given to antenna types and structures
that have found extensive use In practice or that have a large potential for
such use. Theoretical discussions and mathematical formulations are
given only where essential to understanding. Wherever possible, results

have been presented in graphical or tabular form.
The Handbook is organized into four major groups of chapters, as

follows:
I. Introduction and Fundamentals
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H. Antenna Types and Methods
Ill. Applications
IV. Topics Associated with Antennas

Excerpt

JOHNSON, F. S. Pressure and temperature equalization at 200-kmn altitude.
J. Geophys. Res. 65, 2227-2232 (1960).

Atmospheric pressure at 200 km must be nearly constant over the
entire earth as a result of large-scale air motions which can occur in the
ionosphere. In the lower atmosphere, adjacent areas of high and low pres-
sure can exist without annhilation by pressure equalization; direct air flow
from high to low pressure does not occur, because balanced circulations
develop in which inertial forces (centrifugal and Coriolis) balance the pres-
sure forces and prevent equalization. At altitudes near 200 kin, viscous
forces prevent the balanced circulations from occurring, so pressure equa-
lization can proceed rapidly. The heat transport associated with the air
motion is large and tends to bring about temperature equalization also. At

Etill higher altitudes, the heat content and the pressure forces are smaller
but the viscous forces for a given velocity shear remain unchanged, making
possible the existence of pronounced hbh-pressure areas in regions of
local heating. The conclusion reached in this study does not permit ona to
accept the frequently held concept that the polar or auroral zone Ionosphere
is much warmer than the equatorial ionosphere with pressures at 200 km
several times larger in the polar regions (e.g., at Churchill, Canada)
than at temperate and low altitudes (e.g., at AM Sands, New Mexico).
PA

JOHNSON, M. H. SymWoiUm an Dyammic Characteristios of the Ionosphere,
IN: Proc. re vioe on lonospheric Physics, State College, Pa.,
24-27 July 40, (see also comments by D. F. Martys, and A. 0.

One point seems to me to Indicate that difbdslon In the F layer is highly
probble and that is simply the law of grvty. If you take a molecuar
density of 1010, then your diffusion rate of ions under the force of gravity
must be ;n the nelg~dmrhood of several km. an hour. This would indicate
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to me that as soon as density gets as low as 1010 (Ferraro pointed this out
a long time ago) then there will be substantial effects of diffusion. Now if
you rely on. the rocket measurements, it appears that the densities already
at 150 km are perhaps 4 or 5 times 1010. This is certainly a good reason
for being very suspicious that there should be some effects of diffusion at
250 or 300 km. So I just want to add that one arpunent for diffusion.

I would like to discuss one other simple problem. Supposing that you
have a uniform wind, the air is moving with constant velocity everywhere,
you have some positive and negative ions constituting a neutral gas in the
air, and it moves any direction you wish with respect to the magnetic field,
then it would appear to me that we could certainly look at this from a ref-
erence plane on which the air is still. In this case we will still see essen-
tially the same magnetic field and the only difference will be that we will
see an electric field according to the well-known formula U x L. Now you
pointed out that for a neutral cloud of ions in an electric field the electric
field has practically no effect. It just polarizes the cloud. So I would like
to make this simple case a starting point of -ny discussion of what the mag-
netic field does to the relative motion of the ions with respect to the med-
ium, because it seems to me that in this simple case there is no effect of
the magnetic field on the motion of the ions with respect to the air. More-
over, if you want to say there is some effect of the magnetic field on the
motion of the ions with respect to the air, this must be connected with the
velocity gradient in the gas. Therefore in speaking of this problem one
should really show how it id that the magnetic field can bring about a motion
with respect to this gas, because in this simple case it seems to me clear
that ther•e is no such motion.
Excerpt

JOHNSTON, H. F., and A. G. McNish. Variations ol the earth's magetic
field at the observatories of Watheroo and Huancayo. Compt. Rend.
241-52 (1932). (In French.)

No abstract available.

JOHNS-ION, H. F., A. G. MoNish, 8. E. rorbush, W. E. Scott, Ella Balsam,
and p. G. Ledig. Magnetic results from Huan ObservatoryPam,
1922-1935. Publication 175, 1, Carnegie In.titutioo of Washiugtm 11948).

The Huanayo Magnetic Observatory is simated in latitude 12" 02'.7
south and longitude 75" 20'. 4 west, at an elevation of about 11, 000 feet
(3350 meters) above sea level. A brief history of the search for a suitable
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site is given in the following paragraphs, as well as a description of thv
site finally chosen, the observatory buildings and instruments, and the
methods of observation. A discussion of treatment of data follows the des-
criptive material.
A

JULL, G. W., and G. W. E. Pettersen. HF non-reciprocity and polarization
fading. Paper presented to Commission mI of URSI, Fall Meeting,
Ottawa, Canada, 17 Oct. 1962.

Studies have been carried out to elucidate the source of non-reciprocal
fading of HF signals over oblique incidence paths. Two-way pulse trans-
missions were carried out between matched transmitters, receivers and
antennas situated at each end of the east-west Ottawa-Halifax path (960 kin).
Pulses of 25 psec width were synchronously transmitted from each end to
arrive at the path midpoint within a small fraction of a fading period.
Through the use of orthogonal antennas, it was established that polarization
fading was often the predominant type of deep short-term fading for single-
hop F-layer transmissions during the day. During these periods of pre-
dc~ninant polarization fading, the fading of signals received at each end on
matched horizontal rhombic antennas were inversely correlated. The
signal maximum at one terminal was displaced in time from the maximum
at the other terminal by the order of one-half a fading period.

By way of contrast, for received signals not exhibiting appreciable
polarization fading (via either F- or E-layer) the random fading observed
simultaneously at each terminal was directly correlated.

It is concluded that while polarization fading on east-west paths is
not an exclusive source of non-reciprocal fading, it is very importaut. .
Preliminary observations indicate that non-reciprocal polarization fading
will be observed on east-west paths under conditions for which the energy
of received ordinary and extraordinary rays are comparable and the dura-
tion of signals exceeds the time separation of the magneto-ionic componen.B.
A
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KALINlNYu. D. Magnetic and ioospheric disturbances. Collected article,

pertaining to Oections M and IV of the IGY Program (Geomagnetism
and Earth Currents, Ionosphere). Translation of compilation made
under the auspices of the Interdepartmental Committee for the conduct
of the IGY unc0er the Presidium of the Academy of *Siences of the USSR,
1959. (1961). AD-249 291. Also NASA Tech. Trans. TT k-49.

Abstract not available.

KAMIYAMA, H. The distribution of the Ionospheric disturbances drX the,
geom!g -tic bay. Rept. Ionosphere Res. Japan ?, 70-71 (1953).

Using ionospheric data from 35 stations to analyze the distribution of
the deviation in fok during the geomagnetic bay, the author found that at
comparatively high altftWle electric density increased in the afternoon but
decreased considerably at sweet. I the middle latitudes the semi-diurnal
system of deviations is noticeable. At low latitude, near the magnetic "
equator, #he uegatlvc deviations occur in the afternoon in contrast to the
stations at high latitudes. The nercentag-' 1eviations are calculated by
means of a diagram.
MGA

KAMIYAMA, a., and T. Sato. The latitudinal effect on the dlstubmce da,
variation In !3 lMr of the ionomphere. Sol. Rept. Tohoik University
8 ,4141 (1956).

St•doed solar disturbance variation in maximum electron density of F
layer. Find amplitude m'.rolled by geomanetic l" :tude and phase by
geoprphic latitude. In equinoctial months harmonk ooefftcients almost
syrmetrtcal about equator;, In solsticlal mouths axes of symmetry move
towr.d winter hemisphere, Otvr equal-devlaon charts for different
s n. Tabulate mean harmonic ooefflcients for each season AMd plot
results.
M

KAMIYMA H Thespiral distribution of the Mporadice oztonIth
polar regiq. Sept. onosphere puce Res. Jama 16, 415419 (Dec.
1PEI).

Analyjes of IC \ and I1C data from a number of Ionospberic stations
widely distrlamted over the northern hemispbere show that the sporadic E
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ionization in the polar regions has a spiral distribution. This conclusion
can be reached both from a statistical study and from the analysis of indi-
vidual cases.
PA

KAZINCIROVSKIY, E. S. The latitude variation of the midday directions of
horizontal drift in the lower ionosphere. Geomag. Aeron. R!, 578-579
(1963). (Original in Russian).

The literature covering Investigation of the horizontal drift of inhomo-
geneiltes in the Ionosphere contains repeated statemet that there should
be a geomagnetic control of the drift parameters. Data for 15 stations in
the northern hemisphere were used to compute the mean value v (Xm) at
local midday from measurements during the three summer months - June,
July and August. It can be established for the summer season that the
midday direction of drift changes linearly with geomagnetic latitude. ft
had previously been established that there was a linear dependence 9 (Am)
during the winter (,p is the direction of drift In degrees, read clockwise
from north, A m Is geomagnetic latitde). Until now no data have been
available to confirm this relationship for the summer season.
A

IL4Z UO. Y. Disturbance dLail variation of the earth-currents at Kakioka.
Mem. Kakioka Kag. Obeerv. !, 49-54 (1954).

The daily variation an quiet days, Scq, of the earth-currents at Kairlka
for a 1l-year period, 1934-1944, were formerly summarized In the Report
of the IKakldol M4nedc Observatory. In the present pawe, some chara-
teristlos of the disturbance dail variatioa. SDO of fth earth-current. for
the same period are giveng, as follows: -

i) In the mean values SD and SA* - S4Q computed for the whole per-
iad, there In remarkab" conary mniAum at 1 lri. 1). Thtw
values are coincident each other in phase, but the amplitude of the 4atter
is about 40'% of the tormer.

i) The change of the amplitude of SA (or So) with se~asos and years
is remarkable In fth diurneitc vwponent, but not clear in the semi-diurnal
cmponent (Figs. 2 and 4). The l poerowasher of a secondAr minimum at
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10h may be uncertain at equinox and sunspot-maximum~ year, because of
the predominant diurnal component in the same period.

iii) Our result in (i) differs from the wefl-knowa conclusion that the
SDj in earth-currents is materially a single wave (diurnal one) as L~A earth-
magnetism. Then, the mean SA at Tucson for the period 1932-1942 is
computed (Fig. 3). As it is seen in the figure, especially in the vector
diagram, departures from the diurnal variation in the hours 12h - 18ha~nd
3h..7h are remarkable. Again, the result at Watheroo, (after Rooney) shows
some departures from diurnal variation.

Generally speaking, the appearance of the secondar-y miTimum is not
a local phenomenon at Kakioka, but seems to be of worW.-widG character.
It may be related to the disturbances of short period or duration.
Excerpt

KEL2LEY. L. C. Long-term predictions of maximum usable frequencies for
sky-wave radio communications. Tech. Rept. 8, U. S. Army Signal
Radio Propagation Agency, Fort Monmouth, N. J. (March 1955).

This report presents a method of forecasting years in advance the
upper limits of the spectrum opace that would be available from the wave
propagation standpoint for long distance skty-wave radio communication in
the bigh frequency band, ordinarily 2 Mc to 30 Mc. Observations. made
over a blang period of time, show a correlation between the critical fro-
quencles (highest frequencies reflected by the ionosphere at vertical in-
cidence) and solar activity, quantitatively represented for the purposes of
this report in terms of "sunspot number. " The "sunspot number" is a
number based on daily observations of the spots on the solar disc. The
variations of the monthly and yearly means formed from the daily counts
of the menpoa are cyclic; the period from minimum to minimum of a
snaspot cycle is variable, but it averages around It years. The frequen-
cies usefual Sft radio communication at oblique Incidence (I.e. , at SAY dis-
tane) for amy particular year, seaem and month, are functions of critica
frequectie at particular points along the transmission path.Cosqety
autilizing the observed correlation between critical frequenciens andSuso
numbers, frequency-charts can be prepared corresponding to say sunspot
nunber, or high anid low &amapot nqmbers indicative of the range of upiper
limiltin frequencies throughouxt "h period of the sunspot cycle. The prob-
lema of frequency prediction for any particula month and year is thereby
reihiced to that of forecasting asuipot numbers for the desired month and

Thousgh sbort rang frequecy ferecasts are available In TS 11-4",
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three months in advance of the applicable date, there exists a need for
long-term wredictions in several practical applications of radio communi-
cation, especially in the advance planning and system design of sky-wave
communication circuits. A knowledge of the probable range of frequencies
required for satisfactory operation throughout the years of the sunspot
cycle, aids in the frequency allocation problem, the proper selection of
equipments and their maximum utilization, the location of sites, etc. Used
"in conjunction with reference 10, the charts of this report enable the range
of transmission and reception angles most likely to effect satisfactory com-
m.Lnication throughout the period to be predicted. This information may
form a basis for the design of new equipment for efficient utilization of the
propagation media. These predictions ald in the evaluation of future fre-
quency allocation requirements of existing circuits, and in the determina-
tion of the adequacy of frequency complements, but above all they facilitate
the integration of the wave propagation aspects in the over-all system de-

Excerpt

KELLEY, L. C., and A. A. Silva. Rei-aed radio noise data. Project 700,
U. S. Army Signal Radio Propagation Agency, Fort Monmouth, N. J.
(March 1960).

The report presents new signal level requirements for radiotelephone
communication in the presence of external radio noise. As an interim
measure, it provides the latest available data pending a complete revision
of U. S. Army Signal Radio Propagation Agency Technical Report Nr 5,
"Minimum Required Field Intensities "br Intelligible Reception of Radio-
telephony in Presence of Atmospheric or Receiving Set Noise". No copies
of Technical Report Nr. 5 will be available until the revision is completed
about January 1961. Holders of previous versions are advised to use this
report for computin required signal levels in the presence of atmospheric,
galactic, and man-made noise. Directions for computing the LUF (the
lower limiting frequency that provides communication for 90 per cat of
the days of the month) in U. S. Army Signal Radio Propagation Agency
Technical Report Nr. 6, 'Calculetlon of ft-Wave Field Intensities, Mmxi-

mum Usable Frequencies and Lowest Ussfal High Frequnecies", contain
references to atmospheric noise cures of Technical Report Nr. 5. Al-
though the presentation of data in this report is different, the Information
can be used In the seie way. An explanation of the new chats pears
below. I.
Excerpt2
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KENDALL, P. C., and J. E. C. Gliddon. Geomagetic control of diffusion in
the F2 region of the ionosphere. I. The form of the diffusion opera-
tor. Tech. Note, Queen Mary College, London University (27 March

19_62).

The mathematical form of the diffusion operator is derived for motion
of electrons along the lines of force of a dipole approximation to the geo-
magnetic field. The earth's atmosphere is assumed to be isothermal and
horizontally stratified. A table Is given of the various forms of the diffu-
sion operator in different independent coordinates. The results are applied
briefly to a discussion of the form of the boundary condition at great height
in the F2 region.
STAR

KENDALL, P. C. Geomagnetic control of diffusion in the F, region of the
ionosphere. 2. Numerical remslts. Tech. Note. Queen Mary College,
London University (25 Oct. 1962).

The eqatlon gcv.,rning electron diffusion in the F2 region along the
linw-of-fIwe of a geo 3ntric magnetic dipole, whose wis coincides with
-the eath's, in solved numerically in the equilibrium case when there is
ele-etm proaction, loss by recombination, but no trausport of electrons
by - a d drift. The results show that for the parameter values
co.ssiored, the extra terms in the diffusion equaon, eweed by the varia-
tine of don gravity component along a line-of-force, lead to only a slight
di in • Nm=at the equat. The dip is much too small to explain the Apple-

t noti* in terms of diffusion alone.
STAR

KENRICK, 0. W.,* A. M. Braaten, and J. General. The relation between
rAdfo-tran"smIsson a and ina9etOW-StOrm effecs. Proc. MRE f
83144? (1936).

This paper presents the results of a quantItative study of te relation-
shi betweon the prudmity at great-circle trusmiseio paths to the mag-
stic pole and of sinal sta•db y durig terstal w•lweU dist•ubances.

Reception fm Erope uas obse d at Riverbend, Lm Island, ad g
Jumn, Puerto.ico, is oompard durtig normal wwd disturbed pe .iod. The
great-circle path from Europe to Sn Juan is About 1000 miles fartber hnom
tM north magnetic pole thm a simia path to Riverbeid.
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A brief deseription of the duplicate equipment and antenna systems em-
ployeti at tu. tWo locations is included.

It has been known for some time that the more southerly transmission
pa•s are apparently less susceptible to effects accompanying magnetic
disturbances. The results of observations covering a period of years con-
firm the anticipated relationship between signal stability and proximity of
the transmission oath to the magnetic pole. The average advantage of San
Juan over Riverhead for European signals during disturbed periods is
found to be approximately 8 decibels.

Evidence of higher ionospheric ionization over the more southerly path
is noted in a number of cases by a comparison of nighttime cutoff effects
and allied phenomena.
A

KENT, G. S. High frequency fading of the 108 Mc/s wave radiated from an
artificial earth satellite as observed at an equatorial station. J. Atmos.
Terrest. Phys. 22, 255-269 (1961).

A study was made of the high frequency fading observed on the 108 Mo/s
wave radiated from satellite 1959,q . This fading had a frequency of a few
cycles per second and is believed to be caused by the passage of the waves
through irregularities In the F-region of the ionosphere. The3e irregulari-
ties are found to occur only at night and to have a dependence upon magnetic
activity and latitude similar to that fouud for spread-F irregularities. In
addition they are found to have a tendency to be concentrated into regions
with dimensions of the order of 100 km. The size and shape of the irregu-
larities were deduced from observations on the fading and from spaced
aerial measurements. They are elongated clang the magnetic lines of
force with axial ratios of not less than 5 : I and have dimensions perpendi-
cular to the lines of force of about half a kilometre.
PA

KENT, 0. S., and J. R. Koster. Height of night time F layer irregularities
at the euator. Nature 19, 1083-1084 (1961).

Work In progress at Ibdan indicates that the Irregularites In the Pat-
torn on the ground as deduced by a shtdy of satellite and radio-star trans-
mislosos throwgh the diturbod region show an elongation in the direction
of the earth's magnetic field. The heights or the Irregularities have bWn
determined by observing, at t•"i different statiOns, the diffraction pattern
produced at the grmud when the radio tranmnisslons from an earth satellite
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pass through the irregularities. The velocity of the pattern over the ground
is then related to the kniown height and velocity of the satellite. The height
of the diffracting screen can then be determined. Observations using Tiros
U during June and July, 1961 are reported. The effective height of all the
observed irregularities always lay between 50 km and 100 km above the
base of the F layer.
MGA

KENT, G. S., B. R. Clemesha, J. R. Koster, and R. W. H. Wright. Eg~
tonial study of irregularities in the ionosphere . nnual &imm. Bept.

2,Ghana University, Africa (I March 1963).

This report describes a number of experiments which were designed
to investigate F-region irregularities by means of the back-scatter tech-
nique. The experimental techniques are described briefly, and the results
given in detail. The results show the seasonal and nocturnal variations
in the occurrence of irregularitlea which scatter 18 me/s signals, the size
and drift velocity of patches of irregularities, the height at which the irregu-
larities, occur, and the motion of the irregularities, as opposed to the
motion of the patch. The results are discussed in the light of information
obtained by other workers using different techniques.

KERBLA(, T. S. On the dependence of top frequencies of the spoadic Es layer
on the ionemonde system gain. Akad. Nak SOS. Meabduvedomet-

TinylKoitet po Provedenliu, MOO, acorul Statel. V Razdel Program-
my MOG (lonoefera) 8,50-63 (1960). (In R~sian; English summary
p. 63.)

The dependence of t0 ~x on the equipment c-baracteristios (transmitter
power, antenna, gain, receiver gain) is determined according to the varla-
Uons of the reflection coefficient PE a with frequency. The type function
PEst!) determines a degree of variation fMa with the c2hange of equipment
characteristics. The paper considers types of the ftmction PZs(f) for
several models of the layr, and, for each of tdese, dependence on equi-
ment is estimate. Experimental daftaon the varisticas PR& with frequency
for different types of Es are obtained by the analsis of the differences
(f0Es - f~ts) for the 8 IGY stations. The comparison of the experimental
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with the change of gain which on the whole agrees with the conclusions
drawn from the analysis of differences (f0Es - f6 Es). It is concluded that

the highest dependence on the equipment is observed for high-altitude types

of Es, except the Y type, and for the equatorial types. For the middle

latitudes, as a rule, all types of Es depend very little on the equipment.
MGA

KERN, J. W. Geomagnetic field distortion by a solar stream as a mechanism

for the production o! polar aurora and electrejets. Res. Memo. 2753,

Rand Corp., Santa Monica, Calif. (26 May 1961).

This paper describes a mechanism for charge separation in the geo-

magnetically trapped radiation which may account for some observed pheno-
mena associated with the polar aurora and the electro"et current systems.
The following development is proposed: given that there exist eastward or

westward lcngitudinal gradients in the geomagnetic field resulting from dis-

tortion of the geomagnetic field by solar streams, if the trapped radiation

is adiabatic in character, radial drift separation of positive and negative
charged particles must occur. It follows that, for bounded or irregular
distributions of plasma number density in such an adiabatic drift region,
electric fields will arise. The origin of such electric fields will not arrest

the drift separation of the charged particles, but will contribute to expc-
nential growth of irregularities In the trapped Aiasma density. An adiabatic

acceleration mechanism is described, which is based on incorporating the
electrostatic energy of the particle in the energy function for the particle.
Direct consequences of polarization of the geomagnetically trapped radia-
tion will be the polar electroJet current systems and the polar imrora.
MGA

KERN, J. W. Solar-3tream distortion of the geomagnetic field and polar ele-
ojets. J. Geophys. Res. , 1o290-1292 (M1).

Distortion of the geomagne-lc Iteld by an ionized solar stream has often
been thought to be related to the occurrence o! polar electrojet current sys-

tems and aurora (Chapman and Bartels, 1951; and others). kch distortion
has been considered by Chapman and Ferraro (1931), Chapman (1960), and
Ferraro (1960), Martyn (1901), and more recently by Plddlngton (1959,
1960), who considers the effects of the plasma cament of the earth's exo-

sphere, and gests the possibility of a geomagnetic tail due to Interaction
with a solar stream. Distesion of the geomagnetic field due to trapped
particle currents (Dessler and Parker, L969; Akusfu, 160) may also
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contribute to such distortion. Chapman (1950) formulated an experiment
to clarify the physical effects that involved motion of an ionized gas past
a magnet, but scaling difficulties prevented such an approach. Johnson
(1960) has considered the over-all problems, introducing recent develop-
ments in plasma physics. If simultaneous day-side compression and night-
side stretching of geomagnetic field lines is considered, the night-side
stretching may be limited by the dynamic pressure of the solar stream
(Martyn, 1951).

It is the purpose of this letter to point out that magnetic field gradients
perpendicular to meridional planes may be introduced by such distortion
with the creation of polar electrojets. It is claimed that longitudinal mag-
netic field gradients will lead to drift separation of geomagnetically trapped
protons and electrons normal to field lines and in meridional planes, and
thus to a suitable latitudinal charge separation in trapped radiation incident
at auroral latitudes. Penetrat ion of such polarized trapped radiatior to
the E region of the atmosphare is supposed to lead to electrojet current
systems of the form observed. The work here continues the study of the
concepts recently considered by Vestine (1960) and by Chamberkain, Kern,
and Vestine (1960).
Excerpt

KERN, J. W. A charge separation mechanism for the production of polar
auroras and electrojets. J. Geophys. Rea. 67, 2649-2664 (1.962).

A mechanism for charge separation in the geomagnetically trapped
radiation is described that may account for some observed phenomena
associated with polar auroras and electrojet current systems. Surfaces
of constant number density may be se.atrated from surfaces of constant
Integral Invariant w.thin t6i trapped ,ad~ation as a result of distortion of
the geomagnetic field by solar streams. Drift separation of protons and
electrons will follow, and, for irregular distributions of plasma number
density, electric fields will arise. A direct consequence of such polari-
zation of the geomagnetically trapped radiation will be the polar-electrojet
current systems. The polar auroras arise where energetic particles are
dAscharged from regions of excess charge within the geomagnetically
trapped radiation. A model for the discharge of such auroral particles is
discussed. An intoresting feature of the proposed mechanism is that the
extreme thinness of auroral sheets appears to follow as the natural conse-
quence of charge separation. This is shown analytically for a simple two-
dimensional model of a trapped plasma.
A
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KERN, J. W. Solar-stream distortion of the geomagnetic field as a mechanism
for producing polar auroras and electrojets. J. Phys. Soc. Japan 17,
Suppi. A-I, 165-168 (1962).

A mechanism for charge separation In the geomagnetically trapped
radiation is described which may account for some observed phenomena
associated with the polar aurora and the electrojet current systems. Sepa-
ration of surfaces of constant number density and surfaces of constant
integral invariant may occur within the trapped radiation as a result of
distortion of the geomagnetic field by solar streams. Drift separation of
protons and electrons follows, and for irregular distributions of plasma
number density, electric fields arise. A direct consequence of such
polarization of the geomagnetically trapped radiation are the polar-electro-
jet current systems. The polar aurorae arise when energetic particles
are discharged from regions of excess charge within the geomagnetically
trapped f sadiation. A model for the discharge of such auroral particles is
briefly discussed.
PA

KHASTGIR, S. R., and A. K. Ray. Intensity variations of the down-coming
wireless waves from the ionosere. Indian J. Phys. 14 -293
(1940).

Experiments with an aerial system rp r suppressing the ground-wave
are described. After having supol resaed the ground-wave the variations
of the intensity of the down-coming wireless waves were studied. Typical
continuous records of the variations of the intensity of such waves are pro-
seatedi. It is shown that the time variation of the amplitude of the down-
coming waves is consistent with Rayleigh's formula for random scattering.
The amplitude variation can therefore be explained as due to the interfer-
ence of waves scattered fr, a series of diffracting centres at the Iono-
sphere. The most probkble value of the amplibidt. of the down-taming
wave, as obtained .rom the eperimental data on the intensity variations
"of the nsme wave, was compard with the ameplitude of the ground-wave.
-*t-en Daacca and Calcutta the raiuo of the vertical electrical forces pro-
duced by the ground-wave and the down-coming wave Is estimated.
A

248



Ki
K!IASb'I.ja. -. tiW, iki M. Kamesar Rao. *-*me studies in high-fretjuen,_ý

,)trnospheric oise at Ijacca by the karbler method. Proc. IRE .8,
511I513 (1940).

In this investigation the warbler method v as followed in measuring
the atmospheric noise at Dacca during the mouthi of June within the range
of frequencies from 250 to 1500 kilucycles. Attention was directed to (1)
the ¶,-tudy of high- rLequency atmospheric noise (both day and night) as a
finctor; of frequency, and (2) the study of the diurnal characteristics of
hihgh-frequency atmospheric noise with special reference to the sunrise
and sunset times.
A

KHASTGIR, S. H., and M. I. All. Investigations on atmospherics in high fre-
quenoy channels. Indian J. Phys. 16, 399-419 (1942).

The results of investigations on atmospherics carried out at Dacca
during the monsoon time of 1940 on a range of frequencies from 2 Mc. to
20 Mc. are given in this paper. The peak method of measurements was
employed and experiments were carried out along the following lines:

I. Determinations of the numbers of atmospherics from different
directions in different freq-uency channels at different times of the day,
with special reference to the sunrise and the sunset periods.

fl. Measurements of the field-strengths of the atmospherics from
the east-west direction (and occasionally from the north-south) in different
frequency channels at different times of the day with special reference to
the sunrise and the sunset periods.

Usually one and occasionally two maxima, some minutes before the
ground sunrise were observed in both sets of experiments. Soon after the
maximum, the field-strength and also the number decreased very rapidly
and continued diminishing till some tine after the sunrise. There was a
subsequent rise indicating a maximum an hour or two after the ground
sunrise. The field-strength as Nell as number were found to be minimum
from about 12 to 2 iD the day. One maximum both tri number and field-
strength was observed some minutes after the ground sunset. In some
observations, a maximum appeared about the time of ground sunset.

A general explanation has been given of the observed maximum before
the giound sunrise and after the ground sunset in terms of the changes in
the ionospheric conditions during the trinsition period. The two maxima
observed could be associated with the E- and the F-layers. According to
this view, it has been possible to locate the source of the distant atmos-
pherics from the observed position of the maximum in relation to the ground
- anset or sunrise. The basic idea in this explanation has been verified
by observing the position of the field-streogth maximum for short-wave

""Psgnas from the CalcAtta station during and after the sunset time.
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I MiL. -- I %Ivu. j(;O 111-)- 70) fit) ani 14; Mc. -*_') Nic. 15 mn-l3in) urn'r th4-
follum. ijg hcid's:

(a) Mcasuremn-tns ot field-strengths, of distant atmospheric's *-"Urifig
da.y and right.

(b) Measurements of field-strengths oi the atrnosphcricý! of near origin
during local thundc.r storms.

(c) Measurements of field-strengths of the "rain -statics, "wh~in there
was continuous drizzle with slight flashc.. lut with no thunder.

All the experimental results on the frequency distribution of the Itmos-
pherics in the different cases have been satisfaairily explained.

IV. The average values of the daily maximum peak-strength of the
atmospherics on 5 Mc. and 10 Mc. during the usual morning, afternoon
and night programme hours for the monsoon months were determined and
an estimate of the signal -strength values for good reception about this
time at Dacca on these frequencies has been made from these averages.
A

KHASTGIR, S. R., and P. M. Das. Periodic fading of 6hort-wave radio
signals. Proc. Phys. Soc. 63B, 924-930 (1950).

Periodic fading patterns were recorded photographically with Calcutta
signals of frequi-ncy 4,840 kc/s. received at Dacca (distance 240 km.)
during the evening and early night hours of December 1948 .,nd January
194U. The main features in the experimental conditions wvere: (i) the
operating frequency was much less than the maximum usahie frequency
(M.U.F.) for the F layer transmission, (ii) the frequer%.y was slightly
greater than the M. U. F. for the ordinary wave transmilssion through the
E layer and (III) it was slightly less than the M. U. F. for the extraordinary
wave transmission through the E la;-er between Whe transmitting w±nd re-
ceiving stations. The following patterns of peri-xdic or rhythmic fading
were observed:

(i) Sinuous fading of comparatively quick perviiy: Ws~ is considered to
be of magneto-ionic origin, due to the interference between t~he upper aid
lower trajectory extraordinary waves In the E layer, the ordinary waves
having passed through the E layer.

(Ui) Periodic or rhythmic fading of comparatively slow period: the slow
periodic fading is considered to be ditc to the beat-effect between the singly
and doubly reflected waves from the F2 region or Uctween the aingly re-
flected waves from the E and F2 regions, the two interfering waves in dif-
ferent directions having suffered different amounts of Doppler change of
frequency due to the vertical movement of the iontaý,heric layer or layers.
The vertical velocity of the ionosphere as computed from this view agrees
with the observed value.
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(lii) S1,vo [writ1  s.i~'ng with suprenie-cd ripphs.- § this was observed

when 'ht' ionospiwric conditions wcre tavixcrAe e for the, simultaneous oc-

currency of the magneto-icnic type of sinuous lading zind the Doppler beat

type_, of A1ow- i+riwiic fading. hi a few patterns of periodic fading there was

",vidence cf extremely high frequencies (4-12 cycles/second) the origin of
which is unknown.
A

KHASTGLR, S. R., and R. S. Srivastava. Energy spectrum of atmospherics

and attenuation of different low frequencies with distance. Proc. Nat.

Inst. Sci. Ind. 26A, Suppl. II, 58-66 (1960).

Experiments tc ;tudy the energy spectrum of different atmospherics
and the attenuation of different frequencies (3-15 kc/s) over widely vary-
inj distances (150-1, 500 km.) during the night hours were carried out at
Banarab.. The method and the experimental procedure have been described.

Considering only those atmospherics which gave smooth and continuous
amplitude variations in the narrow-band amplifiers, and which hoewed at
the same time return stroke pulses with succcsive ionospheric reflections
in the automatic atmospherics recordr, the energy spectrum curves were
drawn for the individual atmospherics originating at various distances
which were estimated from the time-intervals between successive iono-
spheric reflections in the wave-form records. The frequency for which
the maximum amplitude was observed was found to increase almost linear-
ly with the distance. The attenuation curves were also drawn for 6, 7, 8,
9 and 1: kc/s relative to 12 kc/s over a distance ranging from 150 to 1, 500
km. The curves are not very different from Budden's theoretical curves.
A

KHASTGLR, S. R., and R. N. Singh. The size of the moving irregularities in
the F-region and the spread angle of the radio waves scattered from
them. J. Atmos. Terrest. Phys. 18, 123-126 (1960).

The three-spaced receiver fading records of the F-echo at 3.8 Mc/s,
taken at Banaras during the period from November 1956 to September 1958
show certain characteristic patterns. The fading patterns which were con-
sidered as due entirely to the movement of large ionospheric lrregularities
are analysed by the method of Briggs and Phillips (1950). As a result of
this analysis the average characteristic length of the irregularities IR found

to be 270 m and the average angular spread is found to be 6. The varla-
tions of these parameters are shown with the help of histograms. The
records show some diurnal and seasonal variations, but no definite conclu-
sion can be made regarding such variations.
A
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KIIAST(;lt, s It., and Y. S. N. Muity. Left-handed ionospheric echo from an
eqIjivalent height of F"-F. J. Sci. Indus. Res. 18., 304305 (1960).

In 1956 Satyanariya and others reported experiments made in the night
and early morning hours with a 3 Mc/s pulsed transmission directed verti-
cally. The experiments suggested a new type of left-handed echo from the
Es and F regions with an equivalent height of 2 F-E. The authors of this
paper discuss what happens to the two parts of the ordinary component of
a vertically directed wave after reflection and transmission in the Es region:
they conclude that the most likely path would lead to a reception at the
ground of a left-handed echo with an equivalent height E + F.
PA

KING, J. W. Magnetic effects in the F-region of the ionosphere. J. Atmos.
Terrest. Phys. 21, 26-34 (1961).

Plots of f0 F2l? vs. the equivalent planetary daily amplitude, Ap, show
that at night f F2 decreases as the magnetic disturbance increases. During

E0

the midnight period an Ap of 35 is found to reduce the ionization below the
value corresponding to zero magnetic disturbance by an amount within a
few percent of 65 per cent in all seasons and fo~r all the stations investigated.

F he "h.alf-life" of the ionization as deduced from ccitlcal frequency
values during the night is shown to be dependent on the value of A Pand de-
creases from 5 -O hr for nights of smaii magnetic disturbance co about 3 -0
hr ioi, disturbed nights. The amount of mag. Atic disturbance thus controls
both the amount of ionization present before midnight and the fraction of
this transferred to the next day. It is shown that this mechanism could be
responsible for the day-to-day correlation of f0 F2 values.

A method for selecting lonospherically quiet and disturbed days is sug-
gested, and it is shown that the magnetically selected 5Q days are not
generally ionospherically quiet; the days Immhediately after the 5Q days are
much more likely to be lonosphericaily quiet.. It is shown that during the
midday period the median critical frequency is the frequency corresponding
to no magnetic disturbance, while days which are disturbed may have fre-
quencies which are groater or smaller than the median, the amount greater
or smaller depending on the value of A-,.

The greatest variability of the ionosphere is shown to occur at night
rather than during the day; this, together with the fact that plots of f0F2
before midnight unexpectedly form a set of divergent curves, is due to mag-

nvc effects.
A
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KING, J. W. Day-to-day and stwtion-to-station correlation uf ionospheric
"F-re:gion critical frequenicies. J. Atmos. Terrest. Phys. 21, 35-39
(1961).

The cross-correlation of f0 F2 observed at different stations is found
to have a diurnal variation with twu maxima and two minima each day. The
phase of this variation appears to exhibit a seasonal change with reversals
of direction at the equinoxes. The mean cross-correlation coefficient is
0.5 for stations on the same north-south line and separated by 2000 km,
and also for stations having the same latitude and a separation of only 1000

km. The diurnal variation of cross-correlation is shown to be unrelated
to solar tidal effects.

The auto-correlation of critical frequencies from a single station indi-
cates that there is an important relationship between the value of f0 F2 at a
particular hour and the value at the same hour on the rbiv before. The
diurnal variation of the auto-correlation coefficient has maxima at 0700 and
1900 hours and minima at 1300 and 0100 hours, and exhibits no seasonal
change. This correlation is probably due to magnetic effects which deter-
mine the amount of ionization carried over from one day to the next.
A

CKING, J. W., and C. Graham. The relationship between f0 F2 and magnctll
phenomena. J. Atmos. Terrest. Phys. 24, 107-115 (1962).

It is shown that on non-stormy days the relationship at night between

the equivalent planetary daily amplitude, Ap, and the amount of ionization
present at the maximum of the F-layer at temperate latitudes is a striking
inverse one, except fur a short "anomalous" period during ,if- thre, mid-
winter months when the relationship becomes positive. This relationship
suggests a daily correlation of critical frequencies at northern and southern
temperate latitudes of the kind which is shown to exist. The seasonal varia-
tion of this daily correlation of critical frequencies is explained.

It is shown that the general seasonal relationship between f0 F2 and Ap
is similar over a wide range of latitudes, and also for both day aud night-
time data. It appears that effects on storm days can be predicted by simply
extrapolating the data for non-stormy days, indicating that magnetic effects
produce a certain amount of ionospheric disturbance at all times.

Because magnetic activity produces a decrease of f0 F2 below the nor-
mal value in summer, and an increase in winter, the ratio of mean f0 F2
winter/mean f0 F2 summer is substantially bigger than that for OJe undis-
turbed ionosphere.

The relationship between Ap and fVy2 gives rise to an equation

standard deviation of f0 F2 = 0.7 x standard deviation of K-index

which is applicable to night-to-night variations during a month. It is shown
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that the apparent general night-time and day-time relationships between Ap
and f0 F2 are different.

The regular diurnal variation of the correlation between the critical
frequencies observed at two stations having the same longitude and situated
1700 km apart is indicated and an explanation suggested.

It is shown that A p exhibits marked auto-correlation from day to day;
this phenomenon is probably partly responsible for the day-to-day correla-
tion of f0 F2 observed at a single station.
A

KING, J. W. Some relationships betweenmapnetic and ionospheric variations.
IN: Proc. International Conference on tL• Ionosphere, London, July
1962, 116-119 (The Institute of Physics and the Physical Society,
London, 1963).

The different night-time and day-time relationships between f0 F2 and
magnetic activity are described. It is shown Lhat the quantity Af0 F2 does
not have the same significance by day as at night. The apparent rate at
which ionization is lost in the F layer at night is shown to depenid on mag-
netic activity as well as on the height of the layer, and the apparent loss
rates by day and by night are shown to be sharply contrasted. The average
changes in the height of the F2 layer peak which occur during storms have
been investigated and negative storms, which generally occur at middle
latitudes in summer and at higher latitudes for most of the year, are shown
to be associated with layer heights which are higher than normal.
A

KIRBY, R. S. Long-term characteristics for air-gro"-d propagation in band
nine. 1963 PTGAP International Symposium P~rogram and Digest,
Boulder, Colo., 9-11 July 1963.

Commencing the 1961-1962 school year, the Midwest Program on Air-
borne Teh ision Instruction, Inc. (MPATI) transmitted television signals
from an aircraft flying over Indiana at 23, 000 feet. The primary purpose
of this experiment was to test the effectiveness of the airborne broadcast
technique in providing television insbruction over a large geographic area.

The Central Radio Propagation Laboratory of the Nation 1 Bureau of
Standards became interested in tho program in its early planning stages,
and under sponsorship of the Ford Foundation made stdies of some of the
technical factors involved in air-ground broadcasting and in the planning
of an airborne television network (Decker, 1959 and 1962).
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The purpose of this paper is to describe a series of propagation mea-
surements made over several air-grov,0d propagation paths during the
1961-1963 period. Altogether six continuous recordings kiave been made
at four locations ranging from 87 to 222 miles from the transmitter.

Two transmitters operate simultaneously on Channels 72 and 76 while
the aircraft orbits at 23, 000 feet over Montpelier, Indiana. All recordings
of transmission loss are made on paper charts, which are later transferred
to magnetic tape.
Excerpt

KLEMPERER, W. K. Ionospheric cross-modulation at the geomagnetic equa-
tor. Paper presented at Conference on Non-Linear Processes in the
Ionosphere, 1963, National Bureau of Standards, Boulder, Colo.
16-17 Dec. 1963.

Various experiments to detect radiowave interactions in the lower
ionosphere have been carried out using the 22-acre antenna and 4-megawatt
transmitter of the Jicamarca Radar Observatory. Although equatorial
sporadic-E severely limits observation time, reduction in the amplitude of
3Mc/s F layer echoes hy as much as 25% is readily obtained from the clas-
sical Luxemburg effect. Cross-modulation of 50 Mc/s cosmic noise has
also been obtained. In this experiment the lower ionosphere is first heated
slightly with a 12 KiloJoule r. f. pulse. A decrease in sky brightness tem-
perature (about 6, 000° K. well away from the galactic center) of 30° d 100 K.
is occasionally observed with a recovery time on the order of 2 milliseconds.
Both the Luxemburg and cosmic noise observations indicate that the inter-
action height is about 75 kin, This is in agreement with theories of D-
region formation attributing most of the lower level ionization to cosmic
ray influx. At the geomagnetic equator we are shielded from most of these
particles (those with energies below 15 Bev). The amount of attenuation
suffered by a second frequency f as a result of the 50 Mc/s heating pulse
Is proportional to f2 and is a linear function of the applied power.

Three other experiments of an exploratory nature for the detection of
"sidebands" or combination frequencies n,•ar the electron "gyro-l'requency"
were carried out. No such effects were observed.
A
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KNAPP, 1). G. Some IG__leom rnetic results in the Pacific and a suggestion
as to the origin of the equatorial electrojet. IT. S. Dept. of Commerce,
Coast and Geodetic Survey, Washington, D. C. (1959).

No abstract available.

KNAPP, D. G., and J. W. Gettemy. A new longitude effect in the geomagnetic
solar daiy variation. J. Geophys. Res. 68, 2411-2420 (1963).

S• The daily variation of geomagnetic vertical intensity (Z) at Koror,
Palau Islands, slightly south of the dip equator, is characterized by a posi-
tive salient before 1100 hours and a negative one after 1500 hours. This
feature, which persists throughout the year, appears to reflect a compo-
nent of the Z curve that simulates the time derivative of the horizontal-
intensity (H) curve. A similar though less pronounced effect may be dis-
cerned at Huancayo and at Trivandrum; at Addis Ababa its sign is reversed.
This component probably makes inapplicable to Koror (and possibly to some
other localities) the suggestion advanced by Osborne that the day-to-day
fluctuations in the ratio of Z and H ranges in western Africa may reflect
shifts in the latitude of the electrojet. To account for the observed Z effect
it is suggested that there is superimposed on the conventional Sq pattern of
ionospheric currents a north-south flow of current confined to the daylight
side of the earth, that this current reverses its sign in a systematic rela-
tion with the earth's rotation, and that it may tend to channelize along the
paths established by the Sq patterns, so as to become manifest in the daily-
variation curves at stations in higher latitudes as well as along the dip
equator. On the basis of the relative amplitudes of the eastward and west-
ward salients of mLazntie declination curves, the suggestion is strongly
supported as regards Europe and the western hemisphere; but equivocal
results are obtained for Australasia and the western Pacific, notwithstand-
ing that Koror in this region exhibits the Z effect more strongly than any
other equatorial station. Neither the source of the postulated vurrent nor
the path by which its circuit is completcO is c6ear. It is conjectured that
a persistent leakage of charged particles trapped in the magnetosphere,
falling from their mirror points into the upper air, may give rise to vac'l-
lating potential differences between the northern and southern auroral zones,
and that the phenomena here 'eported represent the ebb and flow of iono-
spheric current required to equalize these potential differences.
A
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KNECHT, R. W., and D. W. Schlit. Early results from the equatorial close-
spaced chain of ionospheric vertical sounding stations. NBS Rept.
5587, National Bureau of Standards, Boulder, Colo. (1958).

A chain of five vertical sounding stations has been established along
the magnetic equator in South Amerina for the IGY to determine better the
nature and extent of the iorospheric ikumalies occurring in the equatorial
region. The purpose of this study is to take an early look at the data being
obtained along the chain while the experiment is still in progress and there
is yet time to influence the program for the remaining months of the IGY.
Excerpt

Topics included are monthly median of f0 F2, electron density profiles,
equatorial spread-F echoes, equatorial Es, and other features of the equa-
torial ionosphere.
C

KNECHT, 11. W. An additional lunar influence on equatorial Es at Huancayo.
J. Atmos. Terrest. Phys. 14, 348-349 (1959).

Observations at Huancayo, Peru, are presented to show additional in-
fluence of the moon on the sudden day-time disappearance of equatorial
Es. An example of its is characterized and illustrated by an ionogram.
The analysis of the observations of May 1957 to April 1958, illustrated also
by a diagram, support Matsushita's theory that equatorial Es was caused
by vertical upward drift forces due to eastward flowing electric currents
and his supposition that westward flowing currents caused by lunar tidal
forces might weaken the equatorial Es.
MGA

KNECHT, R. W. Possibility of detpecting ionospheric drifts from the occurrence
of spread F echoes at low latitudes. Nature 187, 927 (1960).

During the course of an investigation concerning the geographical ex-
ter~t of th2, scatterea and diffuse eciaoes frequently observed during the night
hours at high and low magnetic latitudes (spread F) and interesting pheno-
menon was observed. Times of occurrence of spread F echoes on ionospher-
ic soundings taken every 15 min. during September and October 1957 at
four stations in Peru (Talara, Chiclayo, Chimbote and Huancayo-average
separation about 350 km., magnetic dip from 2* to 131) strongly suggested
that the patches of irregularities thought to be producing the spread F were
often observed successively at each of the four stations. For example, an
occurrence of spread F might be observed to begin at, say, 0015 hr. at
Talara, the north-westernmost station, at 0045 at Chiclayo, at 0100 at
Chimbote and at 0145 at Huancayo, the south-easternmost station. This
tendency was particularly marked for the relatively short occurrenceb
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(less than about 2 hr. in duration) that were commonly observed during the
latter half of the night. As the stations were located approximately along

,a straight line, it is not possible to deduce unambiguously the magnitude
•.nd direction of the suggested drift. It has been shown, however, that the

geographic north-south component of the night'F region drift is usually
small at these latitudes. Therefore, on the assumption that the drift was
wholly in the magnetic east-west direction, magnitudes of the geographic
east-west component of the apparent drifts indicated by the spread F oc-
curences during September and October have been estimated. A mean
apparent drift velocity of 135 m. /s. towards the east was obthýined for
period 0000-0400 hr. Skinner, Hope and Wright, using the Mitra technique
at another equatorial location (Ibadan) during the same period, observed
a mean east-west component of F region drift of about 110 m ./s. towards
the east. The degree of agreement suggest. that drifts, either of the patches
of irregularities giving rise to the spread r echoes or of the disturbance
producing tne irregularities, may play an important part in the occurren'm
of spread F at low latitudes.

A more comprehensive study of spread F c,-currences along the Peru-
vian chain of stations during the International Geophysical Year period,
including a full interstation correlation analysis, is now being completed
and will be published elsewhere.
Excerpt

KNECHT, R. W., and R. E. MeDuffie. Solar flare effects in the F-regicn of

the ionosphere. J. Phys. Soc. Japan 17, Suppl. A-I, 280-285 (1962).

The large solar flares of November 12 and 15, 1960, were accompan-
ied by prominent F-region ionospheric effLdls at several locations. These
flares were also notable in that large sea-level cosmic ray increases were
observed shortly after the flare beginning, however, the times of the F-
region effects agree with the times of the optical flare- rather than the
arrival of the cosmic rays. Of the eight earlier solar flares associated
with sea-level cosmic ray increases, at least two others also were accom-
pa.nied by F-region effects (November 19, 1949 and February 23, 1956).
Evidence is presented that suggests that the height of the F layer at the
time of the solar event may play a role in determining whether an effcct
is seen at any given location.

J Res. NBS

KNECHT, R. W. Topside soundings of the ionosphere. J. Phys. Soc. Japan

17, Suppl. A-I, 302 (1962).

Relative to the presence of irregularities and ducts in the F-region
mentioned by Dungey, I would like to de, "ribe briefly a recent rocket ex-
perime'-t involving radio pulse reflcctib. 4 from the topside of the ionosphere.



K

A sounder pulsing at two fixed frequencies, 5.97 Mc/s and 4.07 Mc/s, was
carried to an altitude of 1060 km at about 1800 local time on June 24, 1961
at Wallops Island, Virginia. The scund3r was above the peak of the F lay-
er for about 15 minutes. During 1.. of these 15 minutes, good reflections
were obtained oi, one or both frequencies from the topside oi the F layer.
Exceptionally strong returns with apparent multiple reflections, which were
observed shortly after "breaking out" ol the topside of the F layer, suggests

that the field-guided mode of propagation may have been present. The sec-
ond point I wish to make concerns irregular scattered reLrns that were
observed as the sounder passed through the 750-950 km region on both up-
going and downgoing portions of the flight. These overvations suggest the
occurrence of ionization irregularities in this altitude region. The flight
took place during quiet magnetic conditions; however, a moderate magnetic
storm had occurred two days earlier.
J. Res. NBS

KNECHT, R. W., and R. E. McDuffie. On the width' of the equatorial E. belt.
IN: Smith, E. K., and S. Matshushita, cd. Ionospheric Sporadic E,
215-218 (Perga~aon Press, Inc., New York, 1962).

This short paper repots an analysis of two years observations of equa-
torial sporadic E taken at a chain oi vertical soundings stations in the vici-
nity of the magnetic equator in Peru. The results suggest that equatorial
Es occurs in a hlIt having a width of about 700 kilometers which agrees
very well with the width for the equatorial electrojet as deduced from geo-
magnetic observations.
J. Res. NBS

KNOX, F. B. A .. ontribution to the theooy of the production of field-aled
ionisation irreularities ,in tb. iuatorial electrojet. J. Atmos.
Terrest. Phyq*. 26, 239-249 (1964).

A theory Is developed which, hows that in he presence of crossed elec-
tric and magnetic fields fluctuations of ionisation density may increase in
amplitude where gradients of mean ionisatlon density or electric field exist.
When the theory is o4pqlied to the situation ro'curring in the equatorial elec-
trojet it predicts the growth of irregularities of iLoisat'.on density of a type
which may huve been observed there, The irregular#Jes can occur with
wide range of velocity.
A
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KOIZUNII, T., and H-. ()hyaina. Study in the stratification of F region. J.
Radio Res. Lab). Japan 10, 37-67 (1962).

'A% study in the stratification of F region is made on the suggestion of
the World Wide Sounding Con'mittee of the U.R.S.I. The analysis is fo-
cussed on several stations rep.resenting the characteristics of various lati-
tudes, by utilizing, mainiy the montidlv tabulation sheets and the f-plot for
the period of the sunspot maximum.

V-~ results obtained are as follows:
(1) Coticerning the latitudinal and seasonal dependence of stratification of
F region, the occurrence of stable stratification is very ofte-n observed
i~n high latitudes during the summer season,. The cases decrease with a
descent into lower latitudes, and there are very few in other seasons even
in high latitudes.
(2) In the yearly variation, the frequency at. stratification in middle lati-
tudes is noticed to show slightly the s~emi-annual variation, correE~ponding
to the solar zenith angle, although the former investigations insisted upon
only thie existence of annuial variation.
(ti) The stable stratification appears in the case of low value of fj0 F2. If
the ialuk. of tf0 F2 at noon is less than 8 ic/i', the stratification on that dlay
is likely to he stable.
(4) In the forecasting work of MUF concerned with the radiocommiunication
eircuits, the Po sibility is examined to replace (M 30,00)F2 by (M 3000)F

w~hih is obtained in dividing FI-3000 IMUF by fOF2, not by fOFl, to abolish
the scaling of FI-3000 MUF. The results show that the, replacement in
high latitudes is impossible, because the monthly median value of MUF is
chwngd. ,On the contrary, it can be said that the replaucenent Is considered
possible in the middle and lowy latitudinal zones.

Therefore, the stratilicat ýlof F region in the high latitudinal zone
will be distinguished from those in, the middle and low latitudinal zones.
Since these results wer. obtalued by the analysis 'at the sunspot maximum
perltxI, the. same study should bea made at the forthcoming sunspot minimum
period 'in order to grasp the socular variat~ion of stratification of F region,
on a world- wide basis.
A

K(STER, J. At.. and L WI 0. Storey. 'A attmttoobserv'e whistlin 7to

No w histling atmospherics havie Weft pbservfed ait Aohlmota, Gold Coast-
Urgoinagnetle laftite 10*M N) mrl duve-yar porlo~d. whon. other observations
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indicated that they were common in middle latitudes. This is in agreement
wivth the Barkhausen- Eckersicy theory of the production of whistlers.
PA

KOSTERI, J. 1R, Radio star se'intillations at an equatorial station. J. Atmos.
Terrest. Phys. 12, 100-11)9 (1958).

Radio star scintilflations have been observed at a frequency of 45 Mc/s
over a- period of 4 years at an equatorial station with a phase switching
.nterferorneter. Scintillation effects are found to be very severe, the out-
piit from~ even intense radio stars often droppinig to zero. Scintillation oc-
curs onky at night, and is of nearly daily occurrence near sunspot maxi-
mum, cori-elatirig positively with the sunspot cycle. It correlates highly
with the occurrence of spread-F echoes, but with no other geophysical
phenomena. it is as yet uncleý.r whether the observed results are due to
absorpition, of the signal or can oe accouinted for by ihe impression of a
mu~ch largcr phanie- deviation or. the emergent wave froMt by the diffracting
scri~en re porsible fo,2 isý'niitiation. The phcnomenurl correlates highly
with the tr,' ',sevA~toi-iai svnaiter c-f ridia ruignals observed near supspoz
maxuiinuin.
A

1KOSTEA, J. R., ard R. W. Wright. Se--iilaLtioa, spread r,, and transt-quator-
ial scatter. J. Geo-hys. Res. 65. 2,j93-2306 (1960).

R.adlo-star steint1)1ai4k-ni of gre?ý iatensit~y are a cammon Dccurrenee
at the equator. Near the ninh1w.m -i sunispot ar.t~vity t~ey exhibit little
dependence on mag-netic acti ,itv, but as buntpot maiximum approaches
there is a marked negative correlaLion belOcer. Lhe occurrence of scintil-
lation and the degree of magnetic d!sturban,wý. Radio-star scintillaia~on
is iour~d to be much greater at sun:;prt !VaximumJ tk'ar at sunspot minitnum.
A

KOS'4 tER, J. R., and R. W. Wrigbt Sniidi of radio sitaraand 'nagnetic
activity In Ghana, Ann. TOY, 1967/1956 .1, 106-109 (1961).

Radio star s3eAnitlations ofi great intensity and frequon~t occurreree
ho- been observed at an equatorWi station. The,3e sc~ntillattons are stint-

lar to these obeerved at. higher northern latitudes; their 41iffereace hp-y in
the fat that the equatorial variety not only cauises the outpt from a.pii

twhling Wetrferouaetr to ewcb~bit rwxdom flucbtatiour, but is manifested
by the 4lMInution of ýh# slnuoida trate duie to a rad~c. star. Very littij
has been roported *ith respect to radio sw Wr silhiati. n at low latiftues.
but in 1964 Itý we& found thtin Hawii aclS ntilat Ong to'%d to ii~s
:durb* niapietic, *torms
.1GA
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KOSTER, J. R., and R. W. Wright. Radio star scintillations and associated
effects in equatorial regions. IN: Aarons, J., ed. Radio Astronomi-
cal and Satellite Studies of the Atmosphere, Proc. Corfu Summer
School, 17-2.9 June 1962, sponsored by the Scientific Affairs Division,
NATO, 114-134 (North-Holland Publishing Co., Amsterdam, 1963).

A review is given of the work nerformed on scintillations near the mag-
netic equator. Sample observations are discussed and the mechanism in-
volved indicated. The experiments using spaced receivers give a great
deal of further information concerning the irregularities in the ionosphere,
when applied either to radio stars or satellites. The variation of scintil-
lations at the equator with time of day, season, sunspot cycle and magnetic
activity is indicated. The behaviour of scintillations is compared to other
effects such as "flutter fading", Doppler shift measurements and spread-F.
The little knowledge regarding the world-wide distribution of scintillation
is discussed.

Throughout the paper stress is laid on the unsatisfactory position of
our present knowledge of scintillation in equatorial regions.
A

KOSTER, J. R. Some measurements on the sunset fading effect. J. Geophys.
Res. 68, 2571-2578 (1 May 1963).

The sunset fading effect, or flutter fading, is a phenomenon sometimes
observeit on radio signals reflected from the F region of the Ionosphere
when the reflection point is near the magnetic equator. The effect has been
investigaited in Ghana using direct observation of the carrier level, a fading-
rate meter, and the Doppler fading technique. It is found that flutter fading
occurs between sunset and midnight, has equinoctial maximums, and corre-
lates positively with the sunspot cycle. The fading rate is directly propor-
tional to the frequency. It is suggested that coherent scatter from elonga-
ted irregularities could account for the observed correlation with radio-
star scintillations and for the Doppler fading results.
A

KOSTER, J. R. Some measurements of the irregularities giving rise to radio-
star scint1llatioa,: at the equator. J. Goophys. Res. 68, 2579-2590
(1 May 1963).

Equatorial radio-star scintillations are shown to have maximums near
the equinoxes. Measurements on summertime Irregularities show them to
be elongated along the earth's magnetic field, with an axial ratio of 7. 5 or
greater. Transverre sizes are of the order of 0.5 km. Velocities of drit,
are normally from west to east at night, with a mean value of 75 m/sec.
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The pattern on the ground drifts with remarkably little change. Velocity
decreases with time of night, and the pattern size on the ground increases.
A

KOTADIA, K. M. Sporadic echoes from the E region over Ahmedabad (23°021
N, 72*38' E). J. Atmos. Terrest. Phys. 8, 331-337 (1956).

In this paper, a study is made of the sporadic E echoes observed in
the ionospheric h'-f records of Ahmedabad ('- 13 60N). From the analysis
of the data for 1953-1954, a sunspot minimum period, it was found that
three types of sporadic, namely (i) Esc at 95-100 kin, (ii) Esn at 105-125
kin, and (iii) Ess at 115-125 kin, occur in the E region. The overall be-
haviour of Es has been shown as being due to the combination of the charac-
teristics of these three types. The sporadic ionization of type Esc has a
maximum frequency of occurrence in the late evening hours, and has a
thin structure. It is apparently evolved out of a downward drift of the resi-
dual ionization of the normal E layer. No correlation could be established
with meteor activity. Esn shows a minimum in the afternoon and maximum
in late-night hours before dawn. Ess is developed by the vertical downward
movement of the E2 layer.
A

KOTADIA, K. M. The ionospheric F2 layer over Ahmedabad, Delhi and Tiru-
chirapalli during the sunspot minimum period (1953-1954). J. Sci.
Indus. Res. 15A, 543-550 (1956).

Describes general character of F2 over Ahmedabad during sunspoL
miialmum of 1953-54. Finds sunrise effect on F2 delayed by about 25 min
after layer sunrise in summer, but occurs during layer sunrise in. winter.
Plots daily variation of f0 F2, hF2, and hpF2 month by month. Plots daily
variation of forked or spread F2 echoes, finds maximum occurrence at
about 0300 hr. Also plots mean range of -, arlation of height and frequency
parameters. Compares with records at Delhi and at Tlruchirapallt.
M

KOTADIA, K. M. The intermediate layer of stratification (F1 .5) between F,
and F at Ahmedabad. Proc. Indian Acad. Sdi. 66, 349-353 (1957).

A summary of our knowledge of the so-called Fl. 5 layer (intermediate
between F1 and F2) is contained in the report of a discussion on 'Solar
Eclipses and the Ionosphere" held in London in August 1955. The F1 . 5
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layer is frequently observed during solar eclipses at places where the mag-
netic dip is less than 200. Japanese workers reported the occurrence of
F 1. 5 at higher dip angles.
Excerpt

KOTADIA, K. M. Spread-F in the icnosphere over Ahmedabad during the
years, 1954-1957. Proc. Indian Acad. Sci. 50, 259-271 (1959).

From a study of spread-F or F-scatter at Ahmedabad during the four
years 1954-57 of increasing sunspot activity, it was found that the time of
its maximum occurrence receded from 03 hr. in low sunspot years to an
hour or two before midnight in high sunspot years. This was particularly
well seen in the winter and equinoctial months. Also, maximum spread-F
activity which was found in summer in sunspot miimum years, occurred
in equinoxes in maximum sunspot years. The frequency of occurrence of
spread-F was found to be a maximum when hpF2 was in the range 300-350
km. F-scatter and F2 -stratification were found to be anti-correlated both
in their diurnal and seasonal variations. The general trend was towards
decreased spread-F with increased sunspot activity.

It is concluded that (1) spread-F at Ahmedabad geomagnetic latitude
(p = 13.60 N) undergoes variations similar to those at equatorial stations,
more so in high sunspot years, (2) the change-over from low-latitude type
to middle-latitude type of variation of spread-F takes place at about geo-
magnetic latitude 220, and (3) spread-F at Ahmedabad decreases with in-
crease in magnetic activity, which is the reverse of that observed at high
latitudes.

A

KOTADIA, K. M., and K. R. Ramanathan. Magnetic and ionospheric disturb-
ances in low latitudes. Ann. IGY, 1957/1958 11, 68-82 (1961).

The report contains a brief summary of studies on the meridional pro-
files of f0 F2 and hpF2 in the eastern zone in different seasons of the years
1954 and 1957, and a,. different times of the day. The daily variation of
the f0 F2 equatorial anomaly is discussed. It has been found that the effect
of magnetic disturbences is to reduce the subequatorial anomaly. From a
statistical study of f0 F2 data on magnetically disturbed days, it has been
shown that the increase of day-time f0 F2, which takes place near the equa-
tor, changes to a decrease at about geomagnetic latitude 7*N, or magnetic
dip 20"N. This is also the latitude at which the phase reversal of lunar
variation of fcF2 occurs. Sudden disturbance (SD) variations of f0 F2 at
Ahmcdabad are derived from records of days of sudden commencement
(SC) type magnetic storms, and also from other magnetically disturbed
days, and compared with results obtained at other places. Storm time
variations (Dst) are also studied. The occ,'rence of spread-F at Ahmedabad
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is found to decrease w-th increase in magnetic activity; the opposite to that
at Slough. The change-over takes place somewhere near magnetic dip 45*N
or geomagnetic latitude 25cN.
MGA

KOTADIA, K. M. The equatorial sporadic-E layer ard the electrojet. J.
Atmos. Terrest. Phys. 24, 211-218 (1962).

In this paper, an analysis is made of E. data from three chains of
ionospheric stations near the magnetic equator in three different longitudes.
Some of the stations were set up during the IGY period. The analysis shows
that the electrojet as judged by the diurnal range of H, extends up to +70
magnetic dip from the magnetic equator in high sunspot years and only to
±5° in low sunspot years. A dependence on longitude and a seasonal dis-
placement of the peak of E. onization in this narrow zone ar-e observed.

There are many similarities between the variations of E. ionization
and the horizontal component of the earth's magnetic field near the mag-
netic equator. Some differences are, however, found in their seasonal
and s•nspot-cycle variations.
A

KOTADIA, K. M. Lunar tidal variation of midday critical freq-encies of the
F2-1ayer of ti 3 ionosphere in low latitudes. J. Atmos. Terrest. Phys.
24, 659-661 G962,.

The variation of noon f0 F2 with lunar phase for the sunspot minimum
year 1954 shows a predominantly semi-diurnal component at six Indian
stations. The phase reverses somewhere between Bombay and Madras
(about magnetic dip 20); the amplitude has two maxima, one near the well-
known f0 F2 peak and the other at the magnetic equator.
PA

KOTADIA, K. M. The great magnetic storm of 11 February 1958 and associa-
ted changes in the Fg-layer of the ionosphere in low and midlle lati-
tudes. J. Atmos. Terrest. Phys. 24. 975-988 (1962).

In this paper, theL changes in the critical frequency of the F2-layer
of the ionosphere which followed the sudden commencement of the great
magnetic storm of 11 February 1958 are studied both with regard to
storm-time and local-time variations at a number of stations from the
magnetic equator to magnetic dip 72" in three different meridional sec-
tions. The changes are then examined to find the differences, q any,
between places magnetically conjugate on either side of the magnetic
equator and approimately along the same longitude. They are further
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compared with variations in the horizontal component of the earth's mag-
netic field.

The disturbed-day variation of f0 F2 is the combined net effect of storm-
time, disturbance-diurnal and seasonal variations. The changes in f0 F2
show distinct differences around 200 and 450 magnetic dips. There is no
one-to-one correspondence between A(f0 F2) and AH. The local time of
commencement of the storm has a marked control on the changes in f0 7F2.
A

KOTADIA, K. M. On the F1 1/2-layer of the i""ozphere. J. Atmos. TerrE)st.
Phys. 25, 17h-181 (1963).

In this note observational facts are presented to establish the reality
of an F1 1/2-layer. Such a layer is more evident in low latitudes during
high sunspot activity and is formed as a subsidiary in the main body of the
deeply ionized F2-layer, possible due to the rapid change in the rate of
loss of electrons with height. It is further suggested that the equatorial
anomaly in the f0Fl distribution reported by some workers in high sunspot
years is probably the result of overlooking the distinction between F1 and
F1 1/2 in past years.
A

KREVSKY, S., N. Artuso, R. Mason, and R,, A. Thowless. Tactical jungle
communications study. RCA Rept. CR-63-419-4, Defense Electronic
Products, Radio Corporation of America, New York (March 1963).

Present HF and VHF inter-troop communications equipment are unsatis-
factory for operation in tropical rain forests. This is a direct result of
excessive path losses for ground-wave and "line-of-sight" propagation,
caused by dense jungle growth and tall trees. Purpose of the study was to
devise antenn4 &'auipment that would improve the operational range of relia-
ble communications, between/to "man-pack" equipment in dense jungle
areas,

Results of the propagation study are presented, showing the utility of
"vertical-incidence, HF ii4y-wave transmission. Antenna design and antenna-
erection methods particularly suited for jungle-patrol and base-camp opera-
tions using f"-19 mode of propagation are also presented.

Erection naethous for HF dipoles at suitable heights were studied. Si-
multaneous estimates were made of efficiencies for various heights above
ground. Foreshortening techniques for HF dipoles were studied.
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Simple wire antennas, 10 to 30 feet above ground, were found to pro-
vide good efficiency and satisfactory low-power, HF sky-wave communica-
tions, potential for most severe jungle terrain circumstances.

Emphasis was also given to techniques, such as balloon-borne dipoles,
for obtaining useful line-of-sight VHF transmissions.
A

KREVSKY, S. H.F. and V. H.F. radio wave attenuation through jun•" J and
woods. IEEE Trans. PTGAP-11, 506-507 (1963).

Using the expression loss in dB = 20 logl 0e-d/8 where 8 is the skin
depth and d distance, the attenuation for both jungle and midlatitude woods
at frequencies between 2 Mc/s and 100 Mc/s has been calculated and the
results compared graphically against other investigators experimental
results. A reasonable order o1 agreement was shown but it is noted that
before making any attenuation predictions the nature of the woods must be
accurately defined as there is a three fold order of magnitude difference
in attenuation between dense jungle and mid-latitude woods in leaf; viz. at
a frequency of 15 Mc/s the attenuation per 0.1 mile is 2 dB for midlatitude
woods as against 35 dB for dense jungle.
EEA

KRISHNAMURTHI, M., G. Sivarama Sastry, and T. Seshagiri Rao. Abnormal
ionospheric behaviour at 10 metres wavelength. Current Sci. 27,
332-333 (1958).

The radiaUon intensity of 10 m cosmic radio waves fell to zero on
Jan. 28, -Feb. 21, and March 2, 1958 at the Physical Laboratories, Os-
mania University, Hyderabad, India (17'26'N, 78*27'E). The gradual fall
of intensity occurred about sunrise time, and the rise of intensity toward
end of the phenomenon was uniformly rapid in the three cases, but differed
in duration of minimum noise level. Small scale irregularity in the upper
ionospheric layers is offered as a plausible cause of this disturbance which
is knowingly unrelated to any solar flare.
N
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KRISHNAMURTHY, B. V., and B. Ramachandra Rao. The nocturnal and sea-
sonal variations of spread-F. J. Atmos. Terrest. Phys. 25, 1-8
"(1963).

The nocturnal variations of spread-F at Waltair using data over a
period of 22 months (March, 1960-December, 1961) are studied and dis-
cussed in comparison with the variations at other equatorial stations. The
seasonal characteristics of spread-F are studied separately for magneti-
cally quiet and disturbed days, using data at four equatorial stations, name-
ly, Waltair, Trivandrum, Madras and Bombay.
PA

KRISHNAMURTHtY, B. V., and B. Ramachandra Rao. Time of onset of spread-
F in relation to post sunset h'F variations. J. Atmos. Terrest. Phys.
25, 209-210 (1963).

It is a well known observation that at equatorial stations, the onset of
spread-F is preceded by a marked rise in h'F and also that the spread-F
maximum lags in time behind the h'F maximum. With a view to study if
there is any relation between the time of onset of spread-F and time of
occurrence of maximum value of h'F, observations were made at -Aose
intervals of 15 min on a few nights in each month during the period April,
1960-December, -360. Such observations were available for 39 nights
in total. The spread-F indices corresponding to these observations are
obtained following the index system of Rao et al. (1960). When the indices
on each night are plotted against time in I. S. T. along with h'F values, a
very interesting and characteristic feature is revealed. It is found that
the time of onset of spread-F and the time of occurrence of h'F maximum
are more or less same. To examine this aspect more closely, the time
of spread-F onset %• plotted against the time of h'F maximum and the re-
suiting plot is shown in Fig. 1. *

It can be seen from Fig. 1, that in general, the observations fall fairly
well on a mean straight line. It is interesting to note that the agreement
between the time of onset of spread-F and the time of h'F maximum is
particularly good when spread-F occurs earlier than 2000 hours. The
slope of the mean straight line is found to be 19 1 indicating that the two

timings are nearly same.

*Fig. 1. Time of onset of spread-F vs. time of h'F maximum.

A

KRISHNAMURTHY, B. V., and B. Ramachandra Rao. Fading characteristics
of spread-F echoes. J. Geophys. Res. §8, 1923-1926 (1963).

The fading charactcristics of spread-F echoes have been investigated
in considerable detail. The fading rate of the first prominent echo in the
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spread-F patch is found to show little variation with its virtual hei ;ht or
with the extent of spreading in virtual height. From analysis of the ampli-
tude distribution of spread-F echoes, the ratio between the steady and
random components in the fading amplitude is found to Lc about 2.5; this
ratio showed little variation with the extent of spieading in virtual height
of spread F.
A

IRISHNAMURTHY, B. V., and B. Ramachandra Rao. Effect of magnetic activ-
ity and F region height changes on equatorial spread-F. IN: Proc.
International Conference on the Ionosphere, London, July 1962, 310-
315 (The Institute of Physics and the Physical Society, London, 1963).

Statistical estimates of the strength and nature of association of equa-
torial spread-F with magnetic activity and post-sunset height changes of
the F region have been obtained. Spread-F in the pre- and post-midnight
periods has been analysed separately and it has been observed that mag-
netic activity is better correlated with spread-F in the pre-midnight period
than with spread-F in the post-midnight period. The results are discussed
in the light of Martyn's theory of spread-F.
A

KRISHNAMURTHY, B. V., and B. Ramachandra Rao. Short wave c.w. trans-
missions as affected by spread-F conditions. J. Inst. Telecom. Engrs.
(India) 9, 194-200 'May 1963).

Regular short wave c.w. transmissions from three stations, namely
Bombay, Hyderabad and Madras, was received at Waltair and their fading
characteristics studied in relation to the overhead spread-F conditions.
It was found that the fading rates were higher under spread-F cr nditions,
compared to those under normal conditions. Allowing for the time shifts
in the occurrence of similar peaks in the flading rate and spread-F index
temporal variations, a systematic linear increase of the fading rate with
spread-F index was found. It was also observed that the c.w. transmis-
sions in the E-W direction are more affected by spread-F conditions than
the transmissions in the N-S direction. From amplitude probability dis-
tribution of the fading patterns, It was found that the steady to random com-
ponent ratio was around 1.8 under spread-F conditions. These distributions
under spread conditions were compared with those under normal conditions
which are nearer to the Rayleigh type.
A
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KUSIINEREVSKIY, Yu. V., and S. F. Mk~uan. Motions of ionospheric irregu-
larities: a survey. Geomag. Aeron. 1, 405-426 (1961). (Original in
Russian.)

Formerly there was a widespread opinion that intense motions (winds
and turbulent mixing) were a characteristic property of the lowest layer of
the atmosphere to heights of about 12 km. The grounds for this opinion
were related to the fact that higher up, in the stratosphere, the variation
of the temperature gradient with altitudL is very small. Thus if the factor
regulating the temperature in the bottom layers is convection, the tempera-
ture regime in the stratosphere and higher should be determined by absorp-
tion processes and solar radiation. As a consequence, the stratosphere
was regarded as a relatively quiet medium divided into layers of different
density. As early as the end of the nineteenth century, however, certain
scientists presented data indicating the existence of motions in the atmos-
phere to heights of about 90 kin. During the past two decades, the idea of
the quiet state of the upper atmosphere has been radically changed by
studies of meteor trails, noctilucent clouds, and the ionosphere using radio
sounding techniques, as wcll as by observations of extraterrestrial radio
emission and data on atmospheric structure obtained by rockets. The gen-
eral name of upper atmosphere or ionosphere is applied to the higher
layers of the atmosphere, in which ionization is important, i.e., above
60 km. Detailed information on the structure of the atmosphere and the
variation of its properties and parameters with altitude can be obtained in
special, comprehensive monographs.

The characteristic properties of the ionosphere to heights of about
500 km have turned out to be its variability and inhomogeneity. A whole
range of irregular formations of electron concentration has been found,
from a few meters, to tens, hundreds and even thousands of meters in size.
Besides motions of a turbulent nature, these formations undergo regular
horizontal and vertical motions.
Excerpt
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LAITINEN, P. 0., and C. W. Haydon. Analysis and prediction of sky-wave
field intensities in the high frequency band. Tech. Rept. 9, U. S. Army
Signal Radio Propagation Agency, Fort Monmouth, N. J. (1950, Third
Printing 1956).

a. SCOPE. The purpose u' this report is to present an engiaeering
method ot evaluating sky-wave field intensities in the high frequency band
for any transrrcssion distance up to about 15,000 kilometers. Field inten-
sity recordings were statistically analyzed in order to study daytime ab-
sorption, day-to-day variations, and absolute magnitudes. Based upon the
analysis, a proposed ?r~dictic'I method was obtained which should give
rdatively accurate sky-wave field intensities for the frequencies and dis-
tances considered. Succeeding sections show the method of analysis of ab-
sorption, tLie method of analysis of absolute magnitudes, the method of
analysis of day-to-day variations, the proposed field intensity pred!ction
method, and summarizing conclusions. All necessary equations used in
the prediction method are represented in nomograms.

b. DATA. The data analyzed consists of monthly median receiver in-
put voltages at one hour time intervals throughout the day and mass plots
showing hourly median receiver input voltages in 2 decibel class intervals
for the days of the month. The circuits analyzed are listed in Table 1.
This taWle shows the period for which the data was available, the distance
between the transmitting and receiving station, the wave frequency, and
type of data. These records were continuous over a period of at least as
long aR one year. The circuit distances range from 55 to 15,000 kilometers
and the frequencies from 0.7 to 20 megac4 lee per second. Eighty-three
circuit ycai s of monthly median hourly median receiver input voltages were
used in the daytime absorption analysis. bata for 36 circuits, including
informatioai about transmitter output powers, transmitting artenna gains,
and recel-Ang system input characteristics were used in the analysis of
absolute magnitudes. The receiving system installations were so designed
as to make estimations of absolute magnitudes possible. Forty-three years
of mass plo, data was used in the analysis of day-to-day variations of hourly
median field intensities. Other data not shown In the table covering a period
Irom 1937 to 144 was used in studying the relationship between daytime ab-
sorption and 12 month nrtning average sunspot number.

c. THE METHOD OF ANALYSIS. This analysts is based upon the
a~eamption #.hat at high frequencies sky-wave field intensities can be
computed by peometric optical methods. Various authors show the appli-
cability of rko theory at these frequencies. sky-wave propagation Ib a

geometric rather than a diffraction problem since each plane on earth at
distances greater than the skip distance is accessible by geometric tra-
*ectortec. A method such as a residue series would be more applicable if
Slarge number of geometric rays existed all having the same order of in-
tcnsity. It hba been shown by L. E. Beghian that, for high frequencied, only
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a few rays are required and that under conditions of absorption the first
ray at ?roximates the field strength obtained by assuming all possible rays.
When several ray paths exist having the same order of magnitudes, it is
necessary to evaluate the field by summing the contribution of all the rays.
Occasionally for long distances, the error in assuming that the field inten-
sity can be represented by one ray alone can be relatively large since ray
ink t.,ities of equal magnitudes are possible along several ray paths.
Excerpt

LAITINEN, P. 0. Linear communication antennas. Tech. Rept. 7, U. S. Army
Signal Radio Propagation Agency, Fort Monourth, N. J. (Revised
11 Oct. 1957).

This report is a consolidation of practical engineering equations for
the absolute magnitudes of the fields produced by thin wire antennas. All
the formulas are derived from the formula for the field of a differential
(dipole) antenna. A derivation of this dipole field from Maxwell's field equa-

tions is also shown. By handling the reflecolon coefficients somewhat dif-
ferently, a simple method for the field of a. antenna erected near the earth
is introduced. Antenna and ground system heating losses are accounted for
by efficiency factors in the case of ground-based vertical and inverted "L"
antennas. Curves are included for reflection coeflicients, radiation resis-
tances, and efficiency factors.

The antenna curves of Radio Propagation Unit Technical Report No. 2
were calculated by some of the formulas of this report. A comparison of
curves of Report No. 2 and curves obtained from field measurements at
Ohio State University is shown. Although the ground constants are some-
what different in the two cases, the space patterns are very nearly alike
and the field intensities agree closely in magnitude.
Excerpt

LAKSHMINARAYAN, K. N. Short term time characteristics of impnlse atmos-

2!&ric noise. J. Sci. Ind. Res, 21D, 228-232 (July 1962).

The time duration and the time interval between peaks in the noise
envelope voltage as received through a superheterodyne receiver bavq16 .w
bandwidth of 6 kc/W at 6 dB down was invest~iated at 110 kc/s, 300 kc/s and
3. 0 Mc/s using a tape recorder and aural monitoring at Bangalore (12 58'N,
7lm35' E). The results show ',at the distribution is log-normal for botL.
The mean value of the duration is about 500 rmes. The mean value of the
interval It expected to vary with the activity of local or hear sources; for
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the particudar case investigated, it was about 1. 4 sec. The results are
compared with similar results reported by others and with the results of
investigators on lightning discharges.
PA

LAL, C. FRutter fading of short-wave radio signals in equatorial regions
and its connection witin spread echoes, magnetic storms and the radia-
tion belt. J. Inst. Telecom. Engrs. 6, 223-30 (1960).

The phenomena of "spread-echoes" on vertical incidence ionospheric
soundings and "flutter-fading" on short-wave C. W. transmissions are of
frequent occurrence in the low equatorial latitudes. Both the phenomena
are predominant after local sunset and are inhibited during periods of strong
magnetic activity associated with magnetic storms. A physical e- planation
is offered in this paper to the origin of these two phenomena in the follow-
ing manner: Marked increase in the height of the F region of the ionosphere
is almost a daily occurrence immediately after local sunset in low equatorial
latitudes where the F region often ascends beyond 500 to 600 km. in the
evening hours. The Allen radiation belt, recently discovered from satellite
explorations, reaches down to a level of 500 miles or so from the surface
of the earth over the equatorial region3. The F layer, during its upward
ascent, is likely to touch the lower fringe of this radiation belt and since
this belt consists of high energy charged particles, turbulence and patchiness
in ionization may set in in the ionospheric layer. The irregular ionization
and the turbulence may manifest itself as "spread-echoes" and "flutter-
fading"' of radio waves reflected from the disturbed portions of the F region.
The explanation receive" additional support from the fact that both "spread
echoes" and "flutter- ,ang" are conspicuously absent at these latitudes
during severe magnetic storms whan the increase in the height of the F layer
is inhibited and at times the F layer actually goes down appreciably. Var-
ious other observed characteristics of "flutter-fading" and its relation to
"spread-e--hoes" have also been explained in the paper in terms of the Allen
radiation belt in the exosphere.
EEA

LAL, C, Solar corpuscular activity and iorization deaity in the F2 layer of
hle !2SL~e Proc. IEEE 81, 1471-14'?4 (1963).

It is suagested that the icnixation in the 12 region Of the .ionosphere it
Composed of conLributious due to electromagnetic ultraviolet and corpuscular
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radiations from the sun. These two components of solar energy can be
represented by sunspot and geomagnetic activity. When contributions from
both these components are taken into account, the monthly mean value of
the averaged diurnal characteristics of f0 F2 is seen to follow fairly closely
the combined effect of sunspot and geomagnetic activity, and the so-called
"saturation effects" in the F2 region well nigh disappear. The monthly
mean value of the diurnal average of f0 F2M 0 F2) is seen to vary accord-
ing to the expression V/R 1-00 x Ci throughout the solar cycle. In this
expression R and Ci represent the monthly relative sunspot number and the
international character figure for geomagnetic activity respectively.
A

LANGE-HESSE, G. Analysis of observed variations of absorption of elec-
tromagnetic waves in the ionosphere. Naturwissenschaften 39, 297-298
(1952). (In German.)

A calculation of the absorption factor for short waves (10-200 m or 30-
1.5 MHz) shows that transmission is possible throughout the year near the
equator, but in middle latitudes only in summer, when it can be forecast
from sunspot number and 27-day cycle. In the auroral zone it is correlated
with magnetic disturbances.
MGA

LANGE-HESSE, G. 27-Day variations in the absorption of the D region of the
ionosphere over Singapre and Slough, J. Atmos. Terrest. Phys. 3,
153-162, 1963-1962 (1953). (In German.)

The absorption in the D-layer of the ionosphere is already known to
change with the seasons and with the 11-year sunspot cycle, The question
has therefore been examined, whether analogous variations occur in the
course of the solar rotation of about 27 days ri cases where the sunspots are
unequally distributed in heliographic longitude (in such cases the sun exhibits,
in the course of a rotation, alternatively aspects with many spots and with
few spots). Such v'.riatlons in absorption of appreciable amplitude are
found at Singapore during the whole year, at Slough (near London), how-
ever, only during the summer months. Other variations in abdorption of
larger amplitude than In summer are found in Mough during the winter
months, but these winter-time variations are not controlled by 27-days
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variation in sunspot number R and also not by variations in particle radi-
ation. The significance of these results in connection with radiocommuni-
cation circuits and for ionospheric forecasting is briefly discussed.
A

LAUTER, E. A. The atmospheric noise level in the longest wave region and
its diurnal and annual variations. Z. Meterol. 10, 110-121 (1956).

Problems of the definition and measurement of the noise level are dis-
cussed from measurements of dependence on frequency, and statistics, of
atmospherics. The dependence of the noise level on ionospheric conditions
and on the frequency and position of centers of disturbance is shown from
3-year mean monthly diurnal variations on 14, 27 and 48 kHz. This shows
that in winter the distribution conditions depend especially on the diurnal
variation, but in summer on the approach of disturbance centers. Some
remarks are added on geophysical peculiarities in the recording of atmos-
pheric disturbances, such as interdiurnal variability, twilight effect and
solar flare effect.
N

LEDIG, P. G., R. C. Coile, and M. W. Jones. The ionosphere at Huancao,
Peru, April to June 1941. Terrest. Mag. Atmos. Elec. 46, 351-354
(1941).

This report is a continuation of those already published in this Journal
and gives monthly mean hoturly values of the heights and penetration-
frequencies of the ionospheric regions as obtained from the automatic
multifrequency ionospheric recording apparatus located near Huancayo,
Peru, South America, In latitude 12002%'7 south, longitude 75"20'. 4 west
of Greenwich, which operates over a frequency-range 0.516 to 16.0 Me/
see. A complete discussion of these data will be made in an annual
summary.

Table 1 gives thn monthly mean hourly values of the actual heights
of maximum electron-density (hmax), uncori acted for retardation in lower
regions, and the minimum virtual height (hifrin) for both the F1 - and F2 -
regions, the penetration -frequencies for the E-, F 1-, and F2 - regions,
and the lowest frequency at which echoes were observed when the fre-
quency was greater than 0. 5J6 Me/sec.
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Figure 1 gives the data in graphical form; the values of hmin lie
along the continuous line while those of hmax are indicated by the broken
line.

The 750 west meridian standard times of sunrise and sunset at the
Earth's surface for the middle of each month are shown by the broken
vertical lines.

Table 2 gives root-mean-square values of F2 -region penetration-
frequencies. Since ionization is proportional to the square of frequency,
these data are more representative of average ionization than the normally
used means of penetration-frequencies. The difference between the root-
mean-square values of Table 2 and the arithmetical-mean values of Table
1 is an approximate measure ol 0%e scatter in individual observations
during the month for that particular hour. Root-mean-square values for
the E-region, Fl-region, and minimum frequency received have been
discontinued because of the absence of appreciable differences between
the root-mean-square and arithmetical-mean values.
A

LEDIG, P. G., M. W. Jones, and A. A. Giesecke. Effects on the ionosphere
at Huancao, Peru, of the solar eclipse of 25 January, 1944.
J. Geophys. Bes. 51, 411-418 (1946).

During eclipse measured ionospheric characteristics, formation
of a new F2-layer was notable. It first appeared at great height and
slight ion density, and swept downward until it was lower and more highly
ionized than the regular F2-layer. Also observe recession in the pre-
eclipse ionization build-up which they think possibly due to corpuscular
eclipse. For alternative explanation see Wells and Shapley.
M

LEIGHTON, H. I., A. H. Shapley and E. K. Smith. The occurrence of sporadic
E during the IGY. IN: Smith, E. K., and S. Matsushita, ed., lonos-
pheric Sporadic E, 166-177 (Macmillan Company, New York, 1962).

This paper presents maps of total E8 occurrence and considers the
temporal variations of the E8 types observed on ionograms along a meri-
dian chain of stations.
A
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LEJAY, P., and J. Durand. Comparison of the results of ionospheric sound-
ings at Bangui, Ibadan, Khartoum and Leopoldville. IN: Beynon,
W. J. G., and G. M. Brown, ed., Solar Eclipses and the Ionosphere,
85-93 (Pergarion Press, Inc., London, 1956).

Results for the F2-region are compared for the eclipse of 25 February,
1952. At Bangui and Ibadan, those stations nearest to the magnetic equator,
there is clear evidence for the appearance during the latter half of the
eclipse of a new F2 stratification below the 'old F2'-layer. Although less
marked, an analogous phenomenon is detected at Khartoum, but at Leopold-
vylle (magnetic dip = 33.50 S) it is absent. Rapid increase in height of the
'old F2'-layer, without- change of its critical frequency also seems to ac-
company the appearance of the 'new F2'-layer. Possible causes of this
effect of proximity to the magnetic equator are considered.
PA

LEJAY, P. Ionospheric Irregularities. J. Atmos. Terreb.. Phys. 15, 27-28
(1959). (In French.)

A sys~amatic approacO to solar phenomena in connection with irreg-
ularities of the ionosphere and earth magnetism is proposed. This ap-
proach includes separation of local time and the influence of the latitude
in obtaining results on the development of ionospheric storms, and organi-
zation of telecommunication to solve the problems of differences between
magnetic and ionospheric perturbations. The analysis of the critical F2
frequencies as currently used is not sufficient to distinguish the start of
magnetic and ionospheric perturbations. The development of Ionospheric
storms at a given station, and the comparison of storms in different loca-
tions present other problems. The Geophysical Year presents an oppor-
tunity to organize the analysis of data obtained systematically.

MGA

LEMMON, M. J. H. Tropical-receiver design. Students' Quart. J. Lnst.
Brit. Elec. Engra. 1.2 24-31 (1941).

The general design of receivers for utse In the tropics is discussed,
special reference being made to the requirements for India. The main
requirements of such receivers are high sensitivity, good a. v. c. charac-
teristics, frequency stability, effective "magic eye" Indication on short
waves, large audio power ouatput, tropic-proofed components and relia-
bility in service. Suaitable methods for securing these desirable features
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are suggested, particular reference being made to compensation devices
for minimizing frequency drift due either to a. v. c. action or to heating
effects in the receiver components or chassis.

LEPECHINSKY, D. Effects of temperature variations of the upper atmosphere
on the formation of ionospheric layers. J. Atmos. Terrest. Phys. 1,
278-285 (1951).

S. Chapmans' well known theory of ion production by photo-ionization of
a gas with an exponentially decreasing pressure considers the case of a
constant temperature. In the present paper a study is made of the effect
of an increase of the mean temperature on the distribution of the rate of
ion production at various heights. It is shown that at a given height, this
rate is extremely sensitive to temperature changes and that it may go through
a sharp minimum at midday if it is assumed that the temperature rises
regularly from morning to midday. The two main effects of a temperature
increase being a general elevation of the region where ions are produced
and a general decrease of the rate of ion production. An estimate is made
of the percentage of temperature increase which one has to assume to
explain the higher summer altitude of the F2 layer at midday as compared
with its winter value, on the one hand, and its slight and gradual elevation
between 6 a. m. and midday on a summer day, on the other. The percen-
tages found (based on Slough 1950 records) are 46% and 21% respectively.
It is further shown that the splitting of the F region into F and F2 may be
due to a general temperature increase of the upper atmosphere. The
"summer structure" of this region and the critical frequency drop of the
F layer during magnetic storms may similarly be considered as an effect
o a temperature increase of the gas submitted to the photo-ionization
process.

Finally it is pointed out that the seasonal variation of the absorption of
short waves may also find an explanation in a seasonal temperature varia-
tion.

A

LEPECHINSKY, D. Ionospheric radio. Onde tect. 3_, 582-592 (1958).
(In French.)

Report on the 7th meeting of Commission m or U. R. S. L at The Hague
In additimo to the resolutions passed the following subjects are summarized:
lonospheric phenomena in high latitudes, structure of the D-layer ad its
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probable origin, movements in !he ionosphere determined from the scin-
tillation of radio-stars, rocket exploration, forward-scattering, geo-
magnetic anomaly in the ionosphere and possible interpretation, and prep-
arations for the International Geophysical Year.
EEA

LEWIS, R. P. W., and D. H. McIntosh. Geomagnetic and ionospheric
relationships. J. Atmos. Terrest. Phys. 4, 44-52 (1953).

The effect of magnetic "disturbance" on various parameters, both geo-
magnetic (measured at Eskdalemuir) and ionospheric (measured at Slough),
is investigated by choosing days on which the Kv sum is markedly aborve or
below those of adjacent days. Most of the parameters show a peak or
trough corresponding to that of disturbance, and following it by periods of
from 0 to 18 hours. An extension of the investigation to measurements
made at Huancayo shows mainly similar results.

Particular attention is called to some peculiar seasonal effects; also
to features of the sporadic E layer occurrence at Slough and of the vertical
movement of the F2 layer at Huancayo.
A

LIANG, P. H., and E. V. Appleton. F2 ionization and gecmagnetic latitudes.
Nature 160o 642-643 (1947).

Observations in agreement with earlier reports 1E. V. Appleton
(1946, 1947) and S. K. Mitra (1946)1 are given and briefly discussed.
PA
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LIED, F. Short-wave communication. Determination of the available fre-
quency range. Forsvarets Forskn. Inst. Arb., 49-68 (1947). (In
Norwegian.)

Discussion of ionosphere properties, height of layers and max. elec-
tron density, leads to an expression for max. frequency of electromagn.
waves for a given skip distance. Damping is discussed, togetter with
multiple reflection and atmospheric noise, and the observations at Slough,
Washington, Wathclcm, nd Huancayo are summarized. Organization of
observations is described and the disturbances of solar and terrestrial-
magnetic origin are discussed. A numerical example is given.
PA

LOCKWOOD, G. E. K., and L. E. Petrie. Low-latitude field aligned ionization
observed by the Alouette topside sounder. Planetary and Space Science
11, 327-330 (1963).

Topside ionograms recorded near the magnetic equator show spread
echoes, the ranges of which can be explained by over-dense irregularities
in the Ionization below the satellite. The Irregularities appear to be
located on a surface defined by the rotation of a magnetic field line about
the magnetic axis. The similar diurnal behaviour of the equatorial anomaly
and of the spread echoes suggests a common origin.
PA

LONDON, J., and a. Matsushita. Periodicities of the geomanetic variation
field at Huancoo, Peru. Nature 198, 374 (1963).

Recent analyses of stratospheric winds habe uncovered the rather
fascinating phenomenon of an equatorial stratospheric Mud oscillation of
approximately 26 months. Although the apparent wind oscillation seems
to have its largest amplitude at about 25 kin, it has been suggested by
Stacey and Westoott that these stratospierio fluctuations -emnd to ionos-
pheric heights. They performed a spectral analysis of the mean mcat-
values of the borimotal component of the geomagnetic field on magnetically
quiet days, lHq, for Hum o a(lr S.), Apia 4'8 ) and Allbag (19 N.).
Their results indicated spectral peaks at periods of approximately 26-27
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LIED, F. Short-wave communication. Determination of the available fre-
quency range. Forsvarets Forskn. Inst. Arb., 49-68 (1947). (In
Norwegian.)

Discussion of ionosphere properties, height of layers and max. elec-
tron density, leads to an expression for max. frequency of electromagn.
waves for a given skip distance. Damping is discussed, together with
multiple reflection and atmospheric noise, and the observations at Slough,
Washington, Watheroo and Huancayo are summarized. Organization of
observations is described and the disturbances of solar and terrestrial-
magnetic origin are discussed. A numerical example is given.
PA

LOCKWOOD, G. E. K., and L. E. Petrie. Low-latitude field aligned ionization
observed by the Alouette topside sounder. Planetary and Space Science
11, 327-330 (1963).

Topside ionograms recorded near the magnetic equator show spread
echoes, the ranges of which can be explained by over-dense irregularities
in the ionization below the satellite. The irregularities appear to be
located on a surface defined by the rotation of a magnetic field line about
the magnetic axis. The similar diurnal behaviour of the equatorial anomaly
and of the spread echoes suggests a common origin.
PA

LONDON, J., and S. Matsushita. Periodicities of the geomagnetic variation
field at HuancaM, Peru. Nature 198, 374 (1963).

Recent analyses of stratspheric winds have uncovered the rather
fascinating phenomenon of an equatorial stratospheric wind oscillation of
apr•rdmately 26 months. Although the apparent wind oscillation seems
to have ito largest amplitude at about 25 kim, it has been suggested by
Stacey and We--t',-ott that these stratospheric flubtuations extend to ionos-
pheric heights. The-y p•rformed a spectral analysis of the mean monthly
values of the horizontal com-p-ent of the geomagnetic field on magnetically
quiet days, Hq, for Huancayo (12? S. %, knia (14V S. ) and Alibg (19' N. ).
Their results indicated spectral peaks at periods of approximate 26-27
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probable origin, movements in th• ionosphere determined from the scin-
tillation of radio-stars, rocket exploration, forward-scattering, geo-
magnetic ano r taly in the ionosphere and possible interpretation, and prep-
arations for otf, International Geophysical Year.
EEA

LEWIS, R. P. W., and D. H. McIntosh. Geomagnetic and ionospheric
relationships, J. Atmos. Terrest. Phys. 4, 44-52 (1953).

The effect of magnetic "disturbance" on various parameters, both geo-
magnetic (measured at Eskdalemuir) and ionospheric (measured at Slo" -h),
is investigated by choosing days on which the Kv sum is markedly above or
below those of adjacent days. Most of the parameters show a peak or
trough corresponding to that of disturbance, and following it by periods of
from 0 to 18 hours. An extension of the investigation to measurements
made at Huancayo shows mainly similar results.

Particular attention is called to some peculiar seasonal eftects; also
to features of the sporadic E layer occurrence at Slough and of the vertical
movement of the F2 layer at Huancayo.
A

LIANG, P. H., and E. V. Appluton. F2 ionization and geomagnetic latitudes.
Nature 160, 642-643 (1947).

Observations in agreement with earlier reports [E. V. Appleton
(1946, 1947) and S. K. Mitra (1946)1 are given and briefly discussed.
PA
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LIED, F. Short-wave communication. Determination of the available fre-

quency iange. Forsvarets Forskn. Inst. Arb., 49-68 (1947). (In

Norwegian.)

Discussion of ionosphere properties, height of layers and max. elec-

tron density, leads to an expression for max. frequency of electromagn.

waves for a given skip distance. Damping is discussed, together with

multiple reflection and atmospheric noise, and the observations at Slough,

Washington, Watheroo and Huancayo are summarized. Organization of

observations is described and the disturbances of solar and terrestrial-

magnetic origin are discussed. A numerical example is given.

PA

LOCKWOOD, G. E. K., and L. E. Petrie. Low-latitude field aligned ionization

observed by the Alouette topside sounder. Planetary and Space Science
11, 327-330 (1963).

Topside ionograms recorded near the magnetic equator show spread

echoes, the ranges of which can be explained, by over-dense irregularities

in the ionization below the satellite. The irregularities appear to be

located on a surface defined by the rotation of a magnetic field line about
the magnetic axis. The similar diurnal behaviour of the equatorial anomaly
and of the spread echoes suggests a common origin.

PA

LONDON, J., and S. Maltgusbita. Periodicities of the geomagnetic variation
field at Huancayc, Peru. Nature 198, 374 (1963).

Recent analyses of stratospheric winds have uncovered the rather
fascinating phenomenon of an equatorial stratospheric wind oscillation of

approximately 26 months. Although the apparent wind oscillation seems
to have its largest amplitude at about 25 kin, it has been suggested by

Stacey and Westcott that these stratospheric fluctuations ,extend to ionos-
pheric heights. They performed a spectral analysis of the mean monthly
values of the horizontal component of the geomagnetic field on magnetically

quiet days, Hq, for Huancayo (12° S.), Apia (14 S. ) and Alibag (190 N.).

Their results indicated spectral peaks at periods of approximately 26-27
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months for Alibag and Apia but not for Huancayo. For all three stations
there was also an increase of spectral density at a period of about 12
months. These results were somewhat surprising in view of the fact that
at stratospheric levels the maximum amplitude of the 26-month wind
fluctuation is found close to the equator and then decreases poleward.
The amplitude of the annual variation, on the other hand, increases with
increasing latitude. The two seem to be equal at a latitude of about 15°.
To the extent that ionospheric oscillations as manifested by the oscillation
of Hq are related to the stratospheric winci oscillation, one should find the
more pronounced 26-month period at the lowest latitude station.

Of more immediate Interest, however, is the Wiparent lack of any
other periods in the spectral estimates of the da resulting from the
analypis by Stacey and Westnott. Of particular concern Is the absence of
a spectral peak corresponding to a period of 6 months. We believe that
this is due to the data used for their analysis of the geomagnetic field.
We have re-analysed the data for Huancayo ubing as the basic statistic
the monthly average of the daily armplitude of H !or the ter quiet days of
each month (1922-59). The results of our spectrum aaalysis are shown
in Fig. 1. Spectral energy is shown corresponding to periods of about
3 months, 4 months, 6 months and 12 months, the most significant peak
being that at 6 months. Nothing is evident in the neighborhood of 26
months.

Earlier analysis of these results Ly Matsushita showed that the
periodic fluctuation of the average quiet day amplitude of H is associated
with strong maxima during the equinoctial months. Hwsncayo ts located
at 12 S, where the Sun is overhead at noon approximately on November 4
and February 9. Thus, any variation in the dMffy amplitude of Hq which
is associated with solar radiation would be expected to have dominant
periods of about 3 months, 9 months and 12 months. This is not evident
from Fig. 1.

The daily amplitude of H is a good indication of the intensity of the
electrojet at about 100 km. The eleetrojet arises mainly out of the solar
daily quiet current system, Sq, and has been suggested by Egedal to lie
along tk. magnetic equator. Its intensity, acoording to Matsushita, is
about 50 per cent larger during equinoxes than during the solstices. Thus,
it is ressonaMe to expect a pronounced 6-month period in phenomena
related to the electrojet. Also, since Huancayo lies very close to the
mnapetic equator one should find the amplitude varlatioms of Hq much more
pronounced at Huacayo than at higher magnetic latitude stations.
Excerpt
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LONG, A. R. T xe distribution of electrons in the nighttime ionosphere.
J. Geophys. Res. 67, 989-997 (1962).

"The mean nighttime electron density all over the world at a series of
heights below the peak of the F2 layer in the quiet ionosphere has been
deduced from an analysis of ionosonda data. The results are considerably
more accurate than any that have hitherto been available, since a method
of analysis has been used in which the low-lying ionization, corresponding
to a plasma frequency below the lowest frequency for which echoes are
observed, is taken into account. A number of independent theoretical
papers published in the recent past predicted that the ionization in the
nighttime ionosphere would assume what is now known as an 'a-Chapman'
distribution. The results of the survey presented here show that the
experimental observations of the electron density-height profiles are in
remarkably close agreement with these predictions. The observed forua
of the variation of the electron density at fixed heights with latitude at night
shows little "r no seasonal effects and differs considerably from the daytime
form. These latitude distributions remain quantitatively unexplained.
A

IIOWAN, A. N. On the cooling of the upper atmosphere after sunset.
J. Geophys. Res. 60, 421-429 (1955).

The cooling of the "upper atmosphere" (region between the altitude
h0 = 100 km and the attitude hl = 380 kin) after sunset was investigated
under the assumptions tLat (a) the temperature at the altitude h0 is constant
and equals 240t K, (b) the temperature gradient at the altitude h1 is equal
to zero, and (c) the process of heat transfer takes place solely by conduc-
tion. Assumed initial temperature id that given by the Rocket Panel, ranging
from 240 K at altitude h0 to 12500 K at altitude hl. For the sake of simplic-
ity, thermal conductivity K and specific heat c were assumed constant and
dependence of density P on temperature was ignored, the differential equa-
tion of beat conduction being solved numerically on the assumption that the
density p and, therefore, the thermal diffusivity a - K/cp varies with altitude
but is independent of time, the variation of Pwith altitude being that given by
the Rocket Panel. The computations revea~ed that after 2-1/2 hours the
temperature has not changed at altitudes below 160 kin, and that the mwax-
mum idrp at altitude hl is 440r K. From the computed temperatures t
the t 2 •(2 hours), the densities were computed from formula (2) below.
Computations revealed that a certain settling of the atmosphere takes place,
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the densities at time t = 2h being larger than at time t = 0 in some region,
and correspondingly lower at altitudes ~above the upper limit of this region.
Analysis of the ion density led to the conclusion that there is an appreciable
increase of the ion density in the F-layer in spite of the recombination of
ions which takes pla~ce after sunset.
A

LUCAS, I. The conductivity of the ion. 4here and geomagnetic variations.
Naturwissenschaften 40, 239 (lb -3). (In German.)

Outlines an explanation for the large lunar magnetic variations ob-
served at stations near the magnetic equator and also !or the narrow zone
of high conductivity (about *7* wide) about this equator.
PA

LUNG, H. L. Seasonal variation of world-wide F2 ionization for noon and
midnight hours. J. Geophys. Res. 54, 177-179 (1949).

From a study of F2 ionization for each month during the two years
1946 and 1947, it to found that for the noon hours there insa definite dip
at the geoimagnetl ,quator with & maximum on each side similar to the
curves published by, Appleton and Liang for the equinoctial months. Fur-I
ther, there is an indication of a second maximum, at about 50 geomagnetic
latitude. The midnight curves show only one maximum, which closely
follows the solar declination. It is suggested that the midnight ionization
provides a better criterion for the study of F2 seasonal variation than

noon-hour values.
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LYON, A. J., N. J. Skinner, and R. W. Wright, Equatorial spread-F and
magnetic activity, Nature 181, 1724-1725 (1958).

It is well known that the ionospheric spread-F condition is extremely
common at night in equatorial regions. At Ibadan, Nigeria (latitude 7 1/20
N. ), this has been especially so during the past 2 1/2 years of high sunspot
activity. It is believed that the same irregularities which produce the wide
spread of scattered echoes from the F-region are also responsible for the
scintillations of radio stars and perhaps for the rapid 'flutter' fading often
observed in shortwave radio reception in equatorial regions.

We have previously stated that there is a tendency -especially in the
winter months-for the frequency of occurrence of equatorial spread-F to
be substantially reduced during periods of magnetic activity. This I:; verse
correlation-all the more remarkable since it is the precise contrary of
what is observed in temperate latitudes-has also been more marked in
the past two years or so and has now been observed in all seasons.

During the current high phase &c the sunspot cycle the frequency of
occurrence of spread-F at Ibadan .4i magnetically quiet periods has been
almost 100 percent. Of the 120 international quiet days of 1956 and 1957
there were only four days when spread-F was not present for at least half
the night and none when it was absent altogether.

During periods of magnetic disturbance, however, the incidence of
spread-F is decisively reduced. This is illustrated in Fig. 1, where the
percentage occurrence of spread-F, 0, is plotted against the month of the
year, (a) for tht, five international quiet days and (b) for the five international
disturbed days in each month. The graphs show the mean variations for the
two years 1956-57. 0 is defined as the percentage of hours between 20h.
and 05h. (beginning on the evening of the day in question) when spread-F
was sufficiently strong tomake the critical frequency f0 F2 either illegible or
at least doubtful (symbol UF) In the sense defined by international agree-
ment (namely, with uncertainty greater than * 2 percent). As Fig. 1 shows,
the reduction in the incidence of spread-F on magnetically disturbed days,
although occurring In all seasons, is greatest in (the southern) winter and
equinox and least in summer.

To illustrate the contrast between equatorial and temperate stai as we.- -" have plotted in Fig. 2 data for a number of stations for the month of bap- • :

t.mber 1957, which, as is well known, was a record month for magnetic
activity. The quantities plotted are values of the daily magnetic activity
index, Ap, and of 0 , the frequency of occurrence of spread-F defined
above. With few exceptions the four periods of Intense magntic activity
are also periods of little or no spread-F at the three equatorial stations,

dMadan, Singapore and Pinsa, while spread-F is almost always present at
these statiou during the intervening relatively quiet periods. At the two
temperate stations, Sough and Lindau, the preise opposite occurs,
spread-F appearing during the periods of manetio activity, and not other-
wise.
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At the two stations of inter'mediate latitude, Karavia and Johannesburg,
the incidence of spread-F is much less than at the other five stations, but
in the first case the correlation is clearly of equatorial type (with magnetic
activity inhibiting spread-F) and in the second case 41 is clearly of temperate
type (magnetic activity associated with spread-F). The transition from
equatorial to temperate spread-F would seem, therefore, to occur at some
latitude between those of Karavia ard Johannesburg- say, at about 200 S.
(geographical latitude) or about 350 S. (magnetic latitude).

It may be noted in passing that the inverse correlation between equa-
torial spread-F and magiet!c activity is also observed in years of sunspot
minimum, though not always with the same consistency. A fuller discussion
of this phenomenon and of possible explanations for it will be published else-
where.
A

LYON, A. J., N. J. Skinner, and R. W. H. Wright. The belt of equatorial
spread-F. J. Atmos. Terrest. Phys. 19, 145-159 (1960).

The morphology of the belt of equatorial spread-F at sunspot maximum
is investigated, uFlng IGY data, for magnetically quiet and magnetically
disturbed condltiins respectively. The belt is found to extend from about
30" 9 to 300 N in magnetic latitude and to have a region of very high incidence,
exceeding 90 percent for the early part of the night, about 20" wide in
latitude and centred on the dip equator. In Africa and India there is little
seasonal variation in quiet-day incidence, but a marked seasonal variation
occurs in the American zone where there is a pronounced minimum In local
winter. Throughout the whole belt from 30° S to 30 N there is a strong in-
verse correlation between spread-F incidence and magnetic activity. More-
over the post-sunset rise of the base of the layer, which usually precedes
the onset of spread-F shews a marked positive correlationwith spread-F
incidence within the belt. No existing theory seems adequate to account
for all of these facts but it seems likely that hydromagnetic disturbances
are involved.
A

LYON, A. J., and N. J. Skinner. Equatorial spreadF and F-layer heights.
Nature 187, 1086-1088 (1960).

Earlier work on the correlation between the occurrence of spread-F
and magnetic distrbance (Abstr. 7627 of 1958) has bees extended to cover
a twelve month period during the IOY, using dMaa for sixty Ionospheric
stations. The data are divided between three seasons In two &ones of longi-
tude, and the results for these are broadly similar, with differences of
detail. Within an equatorial belt (between magpnet latitudeso *20) the
occurrence of spread-F is reduced during mapntc disturbame; but at
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higher latitudes, the phenomena are positively correlated, the transition
occurring near magnetic latitudes 7k30*. Studies are also made of the
greatest value attained, during the six hours following sunset, by the virtual
height h1F of the F-layer. The variations of this quantity with magnetic
latitude closely resemble the distributions of spread-F incidence. The,,
relation to theories of spread-F is briefly discussed.
PA

LYON, A. J. , N. J. Skinner, and R. W. WrIgak' The geomorphology of
equatorial spread-F. IN: Beynon, W. J. G., ed. Some Ionosphric
Results Obtained During the IGY, Proc. Symposium URSI/AGI
Comniision, Brussels, Sep. 1959, 153-157 (Elsevier Publishing
Co., New York, 1960).

The authors have recently shown that spread-F in equatorial regions
has the characteristics (a) that it is regularly present on magnetically
quiet days and (b) that it is; markedly inhibited on magnetically disturbed
days. As is well known the reverse correlation is observed in higher
latitudes, spread-F being most common on magnetically disturbed Crys.
These effects were demonstrated with reference to the unusually disturbed
month of September, 1957, and for a small number of stations only. In
the present paper data have been examined for a twelve month period of
the IGY (November,, 1957, to October, 1958), and for almost all the
stations in low to medium latitudes which operated during the IGY.
Excerpt

LYON, A. J. , N. J. Skinner, m~id R. W. Wright. Preliminary results of
horizontal drift measurements in the F layer near the magnetic equa-
tor. IN: Beynon, W. J. G. ed. Some Ionospheric Results Obtained
during IGY, Proc. Symposium URSI/AGI Brussels, Sept. 1969,
333-337 (Elsevier Publishing Co. , New York, 1960).

Observations have been made on the drift of Irregularities in the
ionosphere at Ibadan mince about 1956. During the IGY these measure-
menta were established on the lnternatf onally agreed programme. We
present below a summary of the preliminary results of tUi programme

lBaden in situated close to the magnetic equator, having a magnetic
latitude of approximately? rB and observations on the irregularities in the
ionosphere are important from twom aets, firstly, the shape of the ir-
regularities and secondly the magnitude and direction of the drift. The
records obtained at iBaden are produced by the normal spaed receiver
technique. Receiving aerials are situated approximately 100 metres to
the magnetic North, South, and West of the transmitting serial, and the
received sigal recorded on one display tbeb which Is phtoraheV o
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35 mm film. Measurements of the F layer were made at 5.7 Mc/s
throughout the 24 hours, and also on 2.4 Mc/s during the night.
Excerpt

LYON, A. J., N. J. Skinner, and R. W. Wright. Equatorial spread-F at
Ibadan, Nigeria. J. Atmos. Terrest. Phys. 21, 100-119 (1961).

The characteristics of equatorial spread-F at lbadan (magnetic
latitude 3 S) are investigated including nocturnal, seasonal, solar-cycle
and magnetic disturbance variations; and all of these are found to show
marked correlations with corresponding changes in the height of the layer.
For example, spreading begins shortly after the evening rise in the layer,
and becomes less intense and more restricted to the higher frequencies
as the layer descends later in the night. Also at Ibadan spread-F incidence
on quiet days is found to increase with solar activity; and this corresponds
to a marked increase in the evening rise of the layer as the solar cycle
advances. A possible interpretation of these and earlier results is that the
irregularities responsible for spread-F are due to hydro-magnetic disturb-
ances which are increasingly attenuated at lower helghthi.
A

LYON, A. J. and (comment by) H. Rishbeth. Horizontal diffusion and the
geomagnetic anomaly in the equatorial F-region. Nature 193, 55-56
(1962).

Using orthogonal coordinates x, a and z, where x is the distance along
a line of force measured from a point vertically above the equator at a
distance a from the center of the Earth the author derives an expression
for the rate of increase of electron density due to diffusion. Ignoring one
term which in small at high latitudes it Is shown that this expression is
equivalent to Ferraro's equation for the case of vertical diffusion. By
assuming 8 2 N/SX 2 = 0, where N is the electron density, at the equator a
possible explanation of the geomagntic anomaly in the equatorial F-region
is proposed. Rishbeth in his reply questions the truth of this assumption
and goes on to suggest that the equatorial anomaly may be explained by an
extension to equatorial regions of theoretical studies of an Idealized F-
region controlled by prodawton, loss and diffusion similar to previous
studies which have been applied to higher latitudes.
MGA
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LYON, A. J. The geomagnetic anomaly. IN: Proc. International Conference
on the Ionosphere, London, July 1962, 88-93. The institute of Physics
and the Physical Society, London, 1962).

Presentation of the variations of the noon values of f0 F2 and M(3,000)F 2

with magnetic latitude, obtained on quiet days in each of three seasons
during the IGY, for three longitude zones over the latitude range of 450.
The conversion of M(3,000)F 2 to hmF 2 is investigated. The variations of
f0 F2 are found to be nearly symmetrical with respect to the magnetic equa-
tor at equinox, but to exhibit a marked asymmetry in both solstices, with
greater values in the winter than in the summer hemisphere, over the en-
tire range of latitudes studied. The variations of M(3,000)F 2 indicate
that hm is always high over the region of the equatorial trough and, similar
to fOF2, has an asymmetrical variation at the solstices, with lower values
in the winter than in the summer hemisphere.
IAA

LYON, A. J., and L. Thomas. The F2-region equatorial anomaly in the African,
American, and East Asian sectors during sunspot maximum. J. Atmos.
Terrest. Phys. 25, 373-386 (1963).

A study has been made of the characteristics of the F2-region equatorial
anomaly in the African, American and East Asian sectors during quiet days
of the 1958 equinoxes, particular attention being given to its diurnal develop-
ment. It is shown that the evening enhancement of the crests north and south
of the magnetic equator occurs first on the side near to the geographic
equator. An examination of the latitude variatic a of hmF2, derived from
M(3000)F2 data, for the evening hours shows a marked asymmetry about
the magnetic equator, the greater heights also occurring on the side near
to the geographic equator. It is suggested that this sequence in the develop-
ment of the crests, together with the height asymmetzy, supports the hypo-
thesis that they result from diffusion of ionization along magnetic lines of
force from above the magnetic equator.
A

LYON, A. J. Diffusion of Ionization in a dipole field. J. Geophys. Res. 66,
2531-2540 (1943).

An equation i derived for the rate of ambipolar dflfusion along lines
of force in a dipole field; its signifiosnoe Is discussed, especially In rela-
tion to the magnitude and ebfects of horizontal outward diffusion In the Wonos-
phere near the magnetic equator. At great height. the electron
density with reduced height a apodmates at all latitudes to e
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Upward electrodynamic drift at the equator can probably lead to a substan-
tial reduction of peak electron density, owing to increased outward diffusion,
as envisaged in the Yfountain theory,, but only if the drift velocity is large
in relation to the ambient recombinative loss rate.
A
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MAEDA, H. On the disturbance daily variations and the lunar daily variations

in the F2 region of the ionosphere on the magnetic equator. J. Geomag.

Geoelec. 7, 75-85 (1955).

No abstract available.
PA

MAEDA, H. Observed facts of the geomagnetic distortion in the ionosphere.
Rept. Ionosphere Res. Japan 9, 59-70 (1955).

In Pt. 1, an extensive study is made on the latitude distribution and
the daily variation of all ionospheric layers (Fl, F1 and E) during the sun-

spot minimum period (1953-1954), to examine the fact of geomagnetic dis-
"tortion in the ionosphere, and the harmonic components of the geomagnetic

Sq variations are presented, analyzed from the data of the Second Polar L

Year.
N

MAEDA, H. Daily variations of the electrical conductivity of the upper atmos-
phere abfiied from the daily variations of geomagnetism. 1. Equa-
torial zone\ý Rept. Ionosphere Res. Japan 9, 148-165 (1955).

Based on Huancayo data on daily magnetic variations. Uses method of
Hasegawa to get daily variation of dynamo-region ionospheric conductivity
from magnetic variations. Gives theory of analysis and results of calcula-
tions. Finds nighttime conductivity about 1/10 noon conductivity. Says zero
level of daily magnetic variations lower than daily mean value by about 45%
of diurnal amplitude. Hence, westward maximum current intensity near
midnight about 1/10 of eastward maximum intbnsity near noon for Sq, but
former near sunset about 1/5 of latter near noon for Sd. Finds diurnal
amplitude of electric field very large compared with semidiurnal amplitude.
Diurnal amplitude increases slightly with increasing sunspot number, and
diurnal phase lags about 15 deg (1 hr) from sunspot minimum to maximum.
M

MAEDA, H. Geomagnetic distortion of the F2 region on the magnetic equator.
II. J. Geomag. Geoelec. 11, 1-5 (1959).

The daily variation of the F2 region on the magnetic equator was
investigated using Huancayo data over one sunspot cycle. It was found
that the type of the daily variation of f0 F2 shows a systematic change with
the sunspot cycle and is fairly closeiy connected with the phase shift in the
geomagnetic Sq variations.
PA
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MAEDA, H., and M. Yamamoto. Daytime enhancement of the amplitude of
geomagnetic sudden impulses in the equatorial region. Rept. Ionosphere
Space Res. Japan 14, 443 (1960).

The purpose of this note is to obtain some information about geomagnetic
sudden impulses (sils) in the equatorial region. The data examined here are
110 si's during the IGY at eleven stations, Honolulu, Kanoya, M'Bour, Fan-
ning, Ibadan, Jarvis, Muntinlupa, Huancayo, Koror, Guam and Apia.

We have, by using the data at these same stations, recently studied
the daily variation in amplitude of the sudden commencements (ssc's) of
geomagnetic-storm and found that the daytir.3 enhancement in the ampli-
tude of the horizontal component of sso's occurs at all stations in the equa-
torial region. Such an analysis has now also been made for si's, and its
result is shown in Fig. 1 by tho full lines. And, for comparison, the pre-
vious result for ssc's is illustrated in the same figure by dotted lines.

It will be seen from the figure that: (1) the daytime enhancement at
equatorial stations occurs not only in the amplitude c ssc's buL also in the
amplitude of si's; (2) the character of the daily variation in amplitude at
each equatorial station is almost the same for both ssc's and si's. These
results may suggest that the si occurrences are essentially of the same ,!
mechanism as the sse's, though there are somewhat different properties
between them.
A

MAEDA, H., and M. Yamamoto. A note on 'daytime enhancement of the ampli-
tude of geomanetic-storm sudden commencements in the equatorial
region. J. Geophys. Rles. 65, 2558-2539 (1962).

The fact that the amplitudes of SC's at Huancayo are significantly en-
hanced during the daylight hours has beedi noted by Ferraro and UntIank
[19511, Sugiura 119531 and Yumura 119541. Moreover, Vestine [19531 and
Forbush and Vestine 119551 have pointed out that such a daytime enhance-
ment is seen not only in size of SC'a but also in size of IP at Huancayo, and
that the ivesrage si!e of SC's is greater for those days with the 1trge diurnal
variation (Sq) in H. The studies of all these authors are, however, based
on data at Huancayo alone.

The purpose of this note is to consider whether such euhancements are
ilso seen at other equatorial stations than Huancayo. The ciata used here
are 50 8Cc during the IGY, at Honolulu, Kanoya, W'Bour. Fanning, Ibadan,
Jarvls, Muntinlupa, Huancayo, Koror, Guam, and Apia (see Fig. 1).

In Figure 2 are plotted the ratios of amplitude of the horizontal compo-
nent of BC's et the othor ten stations to those at Honolulu, for each of 50OC's. which occurred at various Greenwich times. Although the number of

SC's considered here is not large enough to permit quantitative treatment
of equatorial enhancement, the following general features may he seen from
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Figure 2. (1) The daytime enhancement oi SC's occurs at stations less
than about 200 in dip, and an abnormally large amplitude appears at sta-
tions very close (within about 3° in dip) to the dip equator. (2) At stations
higher than 20° in dip, no appreciable diurnal variation in SCts is seen.
(3) The magnitude of SC's in the night is almost the same for all equatorial
stations.

These results may suggest that the sudden commencement of geomag-
netic storms consists of two parts, one of atmospheric and the other of
outer-atmospheric origin. The former seems to be due to an electric current
which probably flows in the Sq-current layer, as suggested by Forbush and
Vestine 119551, and the latter seems to be caused in such a manner as
Chapman-Ferraro model. The separation of these two parts may be possible
by using nighttime values of SCIs. Detailed studies of SC's, however. Rre
now In progress, and their results will be published later.
Excerpt

MAEDA, K. Distortional characteristics of the world-wide distribution and di-
urnal variation of the ionospheric F2-layer associated with the eomag-
netic variation. J. Geomag. Geoelec. 4, 83-93 (1952).

Treats effect of vertical motion of electrons on F2 layer analytically.
Relates vertical electron velocity to density of horizontal dynamo current.
Finds electron-density depression and height rise around noon at magnetic
equator, longitudinal inequality of latitude distribution of noon density,,and
shape of daytime variation of electron density can be plausibly interpreted.
M

MAEDA, K. Geomagnetic distortion in the F2 layer. Rept. Ionosphere Res.
Japan 3, 155-164 (1954).

I6 order to illustrate the geomagnetic distortion in the F2 layer, the
following curves are presented.

1. Geomagnetic latitude distributions of seasonal average of the noon
f0 F2 and h' F2 for three geomagnetic longitudes (A=0V, 90" & 270", 180V). -
The most remarkabl.o features are:

(a), depression of f0F2 near the geomagnetic equator,
(b) rise of hl F2 near the geomagnetic equator,

2. Geomagnetic latitude distributions of seasonal average of the mid-
night foF2 and h'Fl.- The following are pointed out:

(a) low level of hWF2 and symmetry around the equator,
(b) low value of f0F2 on the winter hemisphere and higher value
"of foF2 on the summer hemisphere. It seems that the time
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duration from sunset to midnight controls W.Ae level of
fOF2.

3. Seasonal variation oi monthly median of the noon h'F2. -The main
features are:

(a) high value in the summer solstice on the middle aad higher
geomagnetic latitudes,
(b) one peak each in the summer and winter solstices on the low
geomagnetic latitude.

4. Daytime variation of f0 F2.-The shapes of variation curves are
systematically distributed on the geomagnetic latitude.

A possible interpretation of some characteristics and a discussion
thereof are presented from the viewpoint of the dynamo theor, )n geo-
magnetism.
A

MAEDA, K. Geomagnetic distortion in the F2 layer. IN: Physics of the
Ionosphere, 245-253 (The Physical Society, London, 1955).

The following curves are presented: (i) Geomagnetic latitude distri-
butions of seasonal average of the noon f0 F2 and h'F2 for three geomagnetic
longitudes (A=00, 900 and 270°, 180°). The most outstanding festures are
(a) depression of f0 F2 near the geomagnetic equator, (b) rise of h'F2 near
the geomagnetic equator. (Ui) Geomagnetic latitude distributions of seasonal
average of the midnight f0 F2 and h'F2. The following are pointed out: (a)
low level of h'F'2 and symmetry around the equator, (b) low value of f0 F2
on the winter hentsphere and higher value of f0 F2 on the summer hemi-
sphere. It seems that the time duration from sunset to midnight controls
the level of f0 F2. (it) Seasonal variation of monthly median of noon h'r2.
The main features aue (a) high value in the summer solstice on the middle
and higher geomagnetic latitudes, (b) each one peaks in the summer and
winter solstices on the low geomagnetic latitude. (iv) Daytime variation of
f0 F2. The shapes of the variation curves are systematically distributed
on the geom.4etie latitude. A discussion and a possible interpretation of
some characteristics are presented from the viewpoint of the dynamo theory
of geomagnetism.
PA

MAEDA# K. "heoretical study on the geomagnetie distortion in the F2 layer.
Rept. Ionosphe-e Res. Japa 9, 71-85 (Sept. 1955).

In Pt. 2, the vertdeal and horizontal drifts of electm s in the 1• region
are studied in connection with the geomagnetic variation and the effects of
drift on the P2 laye4 are treated. It is found that the geomagnetic distolr-
tion Ln the F2 layer can largely be interpreted by the drift.
N
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MAEDA, K. I., and T. Sato. The F region during magnetic storms. Proc. ERE
47 232-239 (1959)1.

The results are described of statistical investigations made in the F
region durlng magnetic storms. The characteristics of the daily variation
of the deviation from the mean critical frequency and of the height of the
maximum electron density, AfF2 and AhpF 2 , respectively, are shown over
the wide range of latitude from the equator to the auroral zone and for the
principal seasons of the year. After a brief survey of theories to interpret
the observed results, it is shown that the ionization-drift theory, which is
associated with the dynamo theory, is almost satisfactory for the consistent
interpretation of the various facts observed.

MAEDA, K. , and T. Tsuda. Theoretical interpretation of the equv.torial
sporadic-E layers. Phys. R3v. Letters 11, 406-407 (Nov. 1963).

The purpose of this note is to make a theoretical explanation of the
echo structure of the equatorial E5. flp to this day, some authors have
attempted to describe the formation of the equatorial E., e. g. , from the
viewpoint of two-stream plasma-wave instability, etc.

Our theoretical basis is similar to that by Simon, which is aimed at
the tnstability analysis of weakly ionized plasmas. Particular m~odifications
are done so as to make Simon's method applicable to the present ionospheric
model.
A

MAINSTOE, J. S. , and R. W. E. McNicol. hicrop&Ulston studies at
Brisbane, Q~ueensland. 1. Pearl p-ulsations and t5(cje55jfl.5i IN: w
Proc. International Conference on the Ionosphere.' London 1982
163-168 (The Institute of Physics and The Physical 3oclety, London,
1963).

Frequeny-time plots. of ale ropulsUors lIn the 0. 6 c/s region,
recorded at Brisbane (35* Soagel latitude), exhibit a characteristic
striped pattern. This pattern consists of rapid upward frequency sweeps
over a limited, well-defined rang. The modulated wve" form of pearl
pulsation* may be explaned in terms of this structure. The tln* between
successive I reqmoeacy sweeps ts constant (160-1170 see) but the slope of the
sweep is variable.
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A characteristic train of pulsations with frequencies generally in the
1 c/s range, lasting for periods of up to 5 or 6 hours, constitutes t
'screamer'. Screamers may consist of several bursts of activity whose
average frequency rises appreciably from one burst to the next, but within
each of which the frequency falls.

Pearls with a recurrence period of 145 sec have been reported from
Canada (60 N geomagnetic latitude); the period found in Brisbane is -160
sec. A disturbance originating in the auroral zone, and propagated as
hydromagnetic waves towards the equator, may account for this agreement
over a considerable range of latitudes.
A

MANNING, L. A. Bibliography of the Ionosphere (Stanford University
Press, Stanford, Calif. 1962).

In 1947 I prepared a report entitled "A Survey of the Literature of the
Ionosphere" for the Air Materiel Command, Wright Field; in 1955 a second
edition of the survey appeared under the sponsorship of toe Air Force
Cambridge Research Center. The present volume is a revision and exten-
sion of these earlier reports, and has been prepared under Contract
AF19(604)-6194 with the Air Force Cambridge Research Laboratory. It
includes most of the abstracts of the earlier surveys in revised form, to-
gether with a considerably larger number of abstracts describing papers
published from 1955 through 1960; in all, nearly 4,000 papers are listed.

In the present volume are listed the great majority of papers on the
ionosphere published in recognized periodical journals through 1960. An
original abstract summarizes my views on the contents of each of these
"papers. The period covered goes back to the important pioneer studies
of 1925, and in some cases to earlier work. Articles In symposium volumes,
books, or technical reports have not been included. A code givesthe

naffiliation of the authors, and a subject index in included as a
guide _to -the cotents of the papers.

•-•The ionosphere a be broadly described an the ionized part of the
atmosphere; its lower boundary lies at a height of 40 to 60 kin, Its upper
boundary as high as 60,000 kma. Papers have been included In the survey
Ui they.dealt withI lonspharic radio propgatlion, radio studies of the iono-
sphere, or physics of the lioosphere Important to radio studies. Examples
of such topis are radio studies of the aurora, rocket • tfdies of the upper
atmoep.er• , eclipse effects on radi propagation, recombination sad dif-
fusion processes in the F region, solar effects on the ionosphere, and the
formation of ionized meteor traJts, Examples of topics excluded are many
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studies of the geomagnetic field, of the aurora by visual and spectroscopic
methods, of solar radio astronomy, and of the design of commnunications
systems. Ionospheric papers were located in over 220 scientific journals
by examining tables of contents. However, it ia interesting that fully one-
third of the literature has appeared in three leading journals and much of
the remainder in another dozen periodicals. Special supplements and other
matter not available by regular journal subscription have been consulted
only in special instan'es.

Within the limits described above, the great majority of papers through
1980 have been included. However, becauae of late acquisition, or for
similar practical reasons, some papers had to be left out. Unfortunately,
several authors (for instance M. Haubert) have been hit rather harder than
most by this forced neglect, and to them goes an apology. Wherever pos-
sible, articles in languages other than English were translated and abstract-
ed, except for articles in Japanese--no effort was made to translate these.
However, since most Japanese papers appear also in English translations,
the coverage of Japanese work is reasonably adequate.
A

MAPLE, E. , W. A. Boweu, and S. F. Singer. Evidence for ionosphre currents
from rocket expriments near the geomagnetic equator. Phys. Rev. 82,
957-958 (1951).

Launched 2 Aerobee rockets off coast of Peru at gemagnetic latitude
-1 dog; 2nd flight showed magnetic-field decreases 4 mgauss at height of
93 to 105 km. Attribute to current layer.

MAPAMOANPV. iiucaln, th. F-rEgio at Bsgulo 1952-1957. J. Atino.
Terrest. Plys. 13t 26-31 (1958).

A 5-year statistical survey of bifroatlons fn the F-region at Bagel.
is presented and analyse in the liHt of a paramatric mechanism of the
v -R relations ot the F- adndP-layers. The owaclusla is reached tam two
of the. feaw fbtures c lmacton-statiatics are mainy da to varlawls In laye r
heights and thilmbasses with seaso and soli'r activity respectively.
A
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MARASIGAN, V. Sp-,ad- in Baguio through half a solar cycle. J. Atmos.
Terrest. Phys. 18, 43-47 A,960).

A 6-year statistical survey is made of spread-F occurrence in Bagulo.
An attempt is made to explain the observed periodicity by the randomness
of density-distribution introduced by the predominance of collision-
detachment and by the random downward velocities.
A

MARASIGAN, V. Geomagnetic sunspot influences on spread-F in Baguio.
J. Atmos. Terrest. Phys. 18, 257-258 (1960).

It has been shown (Lyon, Sdnner and Wright, 1958) that magnetic

activity tends to reduce the frequency of occurrence of spread-F at Ibadan,
Nigeria. This tendency is also observed at Baguio, Philippines (latitude
16.4' N).

A count was made of the presence of spkead-F on Baguio ionograms,
the norm being a spread-echo intensity sufficient to make the scalirg of
(M3000)F2 uncertain. The lonograns studied were the hourly ionograms
from 1900 to 0800 hours local time, for five international quiet days, for
five international disturbed days, and for all days, of each of the 72 months
from Jaruary 1953 to December 1958. The counts were transformed to
percentages and averaged for each of the two 3-year groups, 1953-1955
being years of low sunspot count and 1956-1958 of high sunspot count.
The results are illustrated in Fig. 1.

It is seen (1) that the tendency of magnetic activity to reduce spread-F
occurrence is greater and more consistent in years of high sunspot count
than in years of low sunspot count, and (2) that the pattern of seasonal
variation of spread-F occurrence changes with the solar cyr: independently
of magnetic activity.
A

MARIANI, F. The worldwide distribution of the F2 layer electron density:
Seasonal and non-seasonal variations and correlations with solar

t Nuovo Climenuto 12, 218-240 (1959).
t

The worldwide behaviour of the -twelve-month period (seasonl and non-
seasonal) variation of the maximum electron density N in the 12 layer appears
noticeably dferent at noon and at midilht. In ach case, it is controlled
by the gom field and by the solar activity but, whilst at noon it
shows large asymmetric features In the two hemispheres, at midalght,
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on the other hand, it is fairly symmetrical. It is not possible to account
for the experimental results by assuming some external source of radiation
producing non-seasonal effects. One is led to assume some terrestrial
cause of asymmetry: for example, some effect of general circulation in
the upper atmosphere. With respect to the correlation of electron density
with solar activity, there appears again sorn- noticeable asymmetry in tX.a
two hemispheres; in particular, the northern hemisphere appears more
influenced by the solar hydrogen filaments, especially for increasing lati-
tude. The explanation of these asymmetries, in terms of some direct
influence of the sun, is also puzzling, so that, in this case, one is led to
think of some more or less unknown effect of solar corpuscular (or electro-
magnetic) radiation on the upper atmosphere, for example on its movements
or its conductivity. At the present stage of our knowledge, we cannot ex-
clude the possibility of a similar cause for both the asymmetries of the
twelve-month period variation and of the correlations with solar activity.
Further observational evidence is required.
A

MARIANI, F. Pitch-angle distribution of the photoelectrons and origin of the
geomagnetic anomaly in the F2 layer. J. Geophys. Res. 69,
556-560 (1964).

A major anomaly of the F region is the 'equatorial' or 'geomagnetic'
anomaly, which consists of the pronounced minimum of f0 F2 on the geo-
magnetic equator and two maximums near 200 north and south geomagnetic
latitude, at meridian hours and in the afternoon, in every season. A recent
theoretical approach [Goldberg and Schmerling, 1963] favors the hypothesis
that a diffusion process from the equator along the magnetic lines of force
can produce the enhancement of f0 F2 in both hemispheres. However, it has
been suggested that this process alone is not sufficient to explain completely
the observed anomaly [Rishbeth et al. , 19631.

It is the purpose of this letter to present in some detail one simple
mechanism that also may play a role in the explanation of the anomaly.
This mechanism is based on a detailed analysis of the physical processes
that the photoelectrons undergo in the upper atmosphere.
Excerpt
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MARSH, D. P. Observations relating to the distance scale for motions of
electrojet-electron precipitation regions in the auroral zone.
J. Geophys. Res. 68, 4167-4174 (1963).

From a comparison of X-ray, ionospheric absorption, and geomagnetic
observations during an intense electron precipitation event in the auroral zone,
it is shown that the distance scale for motions of electrojet-electron preci-
pitation regions its smaller than previously considered. This requires a
downward revision of the correction factors for currents induced in the
earth by ionospheric current systems.
A

MARTYN, D. F. Dispersion and *.bsorption curves for radio wave prop
in the ionosphere according to the magneto-ionic theory. Phil. Mag. 19,
376-388 (1935).

It is now well established that the earth's magnetic field exerts consid-
erable influence on the propagation of wireless waves in the upper atmosphere.
In particular the magneto-ionic theory developed by Appleton, Breit, Gold-
stein, and Hartree has achieved a number of notable successes in the
interpretation of propagation phenomena. When the effects of collisions
between the electrons and molecules are taken into account a frictional term
is introduced into the equations of motion of the electrons, and the resulting
equations for the refractive index of the medium become complex. The
method of introducing this frictional term has been given by Baker and
Green and by Appleton and Natsmtth. A good discussion of the resulting
complex equations for ths refractive indices and polarizations of the basic
modes of propagation his been given by Mary Taylor, who has also pub-
lisbed a number of curves illustrating the variations of these quantities
with increasing ionization density N for several typical wave frequencies (p)
and collision frequencies (v), and for the particular mglo made by a vertically
downcoming wave with the positive direction of the earth's magnetic field at
Sough, England. The derivation of such curves normally Involves much
labour. At the sugestion of the author this aspect has ben Investigated by
Prof. V. A. Bailey, who has succeeded in developing an elegant graphical
method of making such a survey, using the device of conformal representa-
tion.
Exoerpt
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MARTYN, D. F. The propagation 01 medium radio waves in the ionosphere.
Proc. Phys. Soe. 47, 323-339 (1935).

All the available measurements of sky-wave intensities at medium
frequencies are collated and expressed as field-strength, distance curves
"for six typical wavelengths and for distances from 25 to 1000 km. It is
shown how this material way be used for the determination of the non-fading
radii of broadcasting emitters over country of any effective conductivity.
From the observational material an empirical expression for the reflection
"coefficient of the lower E layer of the ionosphere is derived. It it shown
that the observations are incompatible with the existence of a linear or
oarabolic gradient of ionization in this layer. This incompatibility is not
removed by the assumption of an absorbing or D region below the E layer,
or by consideration of the variation with height of the collision frequency v
of an electron with the air molecules in the E layer. It ia found thet the
observations car. be fully explained if the gradient of ionization is given by
the exponential form Nwih, where h is the height in km. above the region
where ionization first becomes appreciable. This gradient also gives rise
to equivalent heights which are in agreement wvth experience. It is found
that v has a value of 106 collisions per second at a height of 90 km., in
close agreement with Chapman's recent estimate. It is shown that the
conclusions reached are not affected by use of the ray methods of geometrical
,,_.., s, or by neglect of the influence of the earth's magnetic field.
A

AW•!i•N, D. F., Atmospheric tides in the lonos2here. 1. Polar tides in
the F2 region. Proc. Roy. Soc. A 189, 241-260 (1947).

A theory, based on solar tides, is advanced to explain the anomalous
seamnal, diurnal and geographical variations of F2 region Ionization. It
is shown that the horizotal winds due to these tides must cause electrons
to move along the lines of the earth's magnetic field. The resultant motion
ka a vertical component. Account is takes of polarization of the medium
by the Idnamo' electric forces. Owing to viscost the vertical motion
dicreases upwards In the F2 reg•on. App"liaion of *0 equa of conti5

iom shows that the F2 region becomes greatly distorted. A Ilongitude
"ofset' is found to aris by reas of the asymmetry of the earth's magnetic
fDi The theory is used to explain the high F2 , ionization densities
fo.ld in low latitudes, and the high values of h'F at noon near the equator.
It as also used to explain the afternoon and night-time Increases In louia-
tio foud at certaln locations. It Is su•sted that the effective recombina-
tics coefficiet In F2 is much lower than the generally accepted values.
It Is shown the Appleton & Weekes's evidence of lunar Ui effects In the
E region does aot conflict with the 'Idnamo' theory of magnetic Variations
or with Peleris's caloulations.
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Observational evidence of the existence of solar tides in the F2 region
is presented.
A

MARTYN, D. F. Atmospheric tides in the ionosphere. H. Lunar tidal varia-
tions in the F region near the magnetic equator. Proc. Roy. Soc. A
190, 273-288 (1947).

Three years' data for the heights and critical frequencies of the F1
and F2 regions at Huancayo, Peru, are examined for lunar tides. Semi-
diurnal lunar tides are found in all quantities save f0 F1 . It is found that
the lunar variation in the F 2 region depends on solar time in both phase
and amplitude. At certain solar epochs it attains very large amplitudes,
up to 60 km in hF 2 max and 28% in 60 F2. The theory of these variations is
further developed.
PA

MARTYN, D. F. Atmospheric tides in the ionosphere. MI. Lumar tidal
variations at Canberra. Proc. Roy. Soc. A 194, 429-444 (1948).

A study has been made of the lunar variations in heights and critical
frequencies of the E, F1 and F2 regions above Canberra, Australia.
Semi-diurnal lunar variations have been found in all these quantities, and
the harmonic coeificientF determined. From the study of these it is con-
eluded: (a) that ionospheric lunar variations are caused by ionic drift
under the action of the 'dynamo' electric forces, and not by simple tidal
rise and fall of isobaric surfaces; (b) that the lunar magnetic variations
are not produced in the E, FI or F2 regions.
A

MARTYN, D. F. Atmeric tides in the ionosphere. IV. Studies of the
"colar tide, and the location of the regiMes producing the diurnal
magnetic variatios. Proc. Roy. SBo. A 194. 445-463 (1948).

Solar tidal effects are sought in ionospheric data from representative
latitudes. They are found in the E, F1 and F2 regions. For the F2
region the seasone semi-diurnal harmonics arising from I are comparable
with those from P1. The amplitudes and phases of these harmonics are
determined, and they are used to interpret the global distribution of F2

Ionszatlon. Evidence Is found that the lowar mapgetic variation is produced
mainly by currents in the D region of the ionosphere, but Is opposed by the
,-orrespondlng currents in the E and FP regions. This finding is submitted
to an independent test, using MoNiah•s evidence of the effects of solar
flares on the mapnetic variation.
A
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MARTYN, D. F. Lunar variations in the principal ionosphertc regions.
Nature 163, 34-36 (1949).

It has recently been found that semi-diurnal lunar variations are
derivable from the routine measurements made at ionospheric observa-
tories. These variations are found not only in the heights of all the princi-
pal ionospheric regions, but also in the maximum electron densities of the
F2 region. Near the magnetic equator they are found to be very large
indeed, the height variations being at certain times some fifty times
greater than the already large variations previously found by Appleton
and Weekes in the E region.
Excerpt

MARTYN, D. F. Daily magnetic variations near the equators. Nature 163,
685-686 (1949).

The establishment of the observatory at Huancayo, Peru, near the
magnetic equator, led to the discovery of daily magnetic variations, both
solar and lunar, approximately twice as great as those previously found in
other tropical regions. McNish has sought to explain this anomaly by
qualitatively modifying the Balfour Steward-Schuster 'dynamo' theory to
allow for the non-coincidence of the earth's magnetic and geographic axes.
According to McNish, enhanced magnetic variations should occur in the
areas between the magnetic and geographic equators. On'the other hand,
Egedal and Chapman have recently put forward data from tropical regions
which appear to show that the distribution of the phenomenon is more com-
plex than could be explained by McNish's suggestion.
Excerpt

MARTYN, D. F. sympoium on dynamic characteristics of the ionosphere.
IN: Proc. Conference on Ionospheric Physics, State College, Pa.,
24-27 July 1950. (See also comments by M. H. Johnson, A. G.,
and McNish.)

The hydrodynamics of the ionosphere is discussed. Air becomes very
viscous at F-region LeIghts and above. This implies rotation and accompany-

rngr.• • cal complications. Diffusion is considered. The importance
of eddy diffusion is noted; such eddies may be damped because of appreciable
viscosity. A continuity equation for the ionosphere it presented.

Gravitational eflects of sun and moon (tides) are discussed; tidal motion
In the ionosphere is more violent then that of earthly (incompressible)
oceans. Circulations set up by thermal effects of the sun are indistinguishable
from gravitational ones.

Atmospheric resonance at about 11 hr. 56 min. causes solar effects
at ground level about 15 times larger than those produced by the moon due
to resonance effects.
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Mathematical models that do not apply but have clouded the issue are:
ftull adiabatic gradient and an atmosphere -f constant temperature with
isothermal expansions (i. e., the e)qansion due to tidal influence takes
place isothermally). These are the only two cases that are relatively
simple and give motion falling off exponentially with height, and energy
flow is largely concentrated near ground. Since the atmosphere has a
marked temperature gradient and expansions take place adiabatically,
one must expect different cicumstances to arise (i.e., bringing of rota-
tional components).

Tides may be the dominating effect in upper atmosphere (due to
amplification of ground level motions caused by heating and gravitational
forces).

When oneputs in-the magnetic field of earth, the majority of air
motions are horizontal, because the ratio of vertical to hrizontal velocities.
must compare with the ratio of the height of th% ionosphere and the radius
of the earth (need continuity of flov, in individual postulated cells).

I will comment, that ,.he layer in which you would expect a phase change
at 35 degreee, Mr. McNish, it a layer which is a fundamental producer of
tidal action. In other word3 we find in the ionosphe-.e that that appears to
'be the E-region or something very near to it, and that is where we look for
this phase change at 35 2tegrees. On taie other hand we find that in the
F2 -region all over the globe from the pole to the equator, lrnving odt the
magnetic equator, the phase is approximately the same until we get very
near to the magnetic equator, when theze is very definitely an anomoly.
Now what I have tended to do, what we have done in Australia anyhow, and
what I mentioned to Dr. Johnson yesterday, is to try and forget for the
moment the complexities in that zone near the magnetic equator. It is quite
a small zone and a very serious anomaly, buw let us get the rest of the pic-
ture right first and then deal with the anomalies which undoubtedly occur
there. Now, we are working on these particular anomalies as well, and
there is one very interesting feature about them and that is this. I mentioned
before that all regions are linked by lines of magnetic force, but when we
come to the magnetic equator the line of force which Joins the F2-region
to a lower region runs -s shown by the dashed line in Vfgure 12 and there
is a zone indicated by the shaded portion which is quite amomalous. If
you are taking the distribution of currents over the whole sph ire, you find
that everythiLg is continous except for this zone where there .1 no linkage
between the lower region and the F2 -region. Now in any theory whatever,
that introduces profound discontinuities. Dr. Baker is examining that at
the moment from the point of view of both the ionosphere theory and of
magnetic variation theory, and one of his preliminary fintIngs which he
has asked me to announce at Zurich is that tkere is a very strong meridianal
current flowing near this zone as shown. Now how these meridianal
currents effect the tonization density is another matter which I think would
lead us rather away from dynamics to discuss at the moment, but at any
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rate I want tW point out that we would agree on the story very thoroughly
about the ract that the lunar tide in the F-region at Huancayo Is anomalous
over a ceitain zone and that the reason for that is not yet clear.
Excerpt

MARTYN, D. F. The morphology of the ionospheric variations associated
with magnetic disturbance. 1. Variations at moderately low
latitudes~. Proc. Roy. Soc. A 218, 1-18 (1953).

A study is made of the variations in the heights and densities of the
ionospheric regions, particularly the F2 region, during magnetic disturb-
ance. Data from three observatories In moderate latitudes , namely
Watheroo, Canberra, and Washington are used, and the disturbance
variations in both local time and storm time are exhibited. The former
variations are found to be mainly diurnal in type; the letter are appreciable
for about three days after the commencement of the magnetic storm. The
initial shape of the curve of storm-time variation depends markedly on
the local time of commencement of the magnetic storm.

A theory of these variations is developed, according to which all
ionospheric disturbance variations are due tu the effect of i'n electrostatic
field which is developed in the auroral zone, and spreads over the earth
through the ionosphere in such a way as to produce the current responsible
for the disturbance daily magnetic variations. The interaction between
these currents and the earth's magnetic field produces a dr ift in the ioniza-
tion of the Ionospheric regions. This drift is held to be directly responsible
for the observed ionospheric variations. Thus all ionospheric disturbance
variations, and also the world-wide disturbance magnetic variations, are
attributed to a single cause, the electrostatic field produced by the intense
impressed current system in the auroral zones.

A

MARTYN, D. F. Interpretation of observed F2 'winda' as ionization drifts
associated with the mapeetic variations. IN: Physics of the Ionosphere,
163-165 (Physical Society, London 1955).

It iI shown that the diurnal, seasonal diurnal, and magnetic dhiturbance
diurnal 'winds' In the F2 region are consistent, in phase, amplitude, and
"tial distribution, with the view that they are drifts of (neutral) ionization
produced by a potential (electric) field in the main conducting region of the
ionosphere. This field, which It communicated to the F2 region along the
highly conducting lines of magnetic force, Is that which ti now known to be
asociated with the magnetic quiet day and disturbance variations, when
allowance Is made for the Hall conductivity of the main conducting region.
Aj
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MARTYN, D. F. Theory of height and ionization density changes at the
maximum of a Chapman-lil~e region, taking account of ion produc-
tion, decay, diffufion, and tidal drift. IN: Physics of the Ionosphere,
254-259 (The Physical Society, London, 1955).

Formulae are derived for bzm/It and 8Nm/Ot (the time variations
of the height and ionization density respectively, at the maximum of a
Chapman-like region), taking account of ionization production, decay,
diffusion, vectical drift, and of height gradient in each of these influences.
It is showr low the height gradient of drift appears to account kleqrawely
for main features of the geomagnetic anomalies in the wnrld 'ontouro of
Zm and Nm; the anomalies are further enhanced by the vtrtual disappear-
ance of .ertical diffusion of ionization at the magnetic equator.
A

MARTYN, D. F. Geomagetie anomalies of the F2 region and their inter-
pretation. IN: Physics of the Ionosphere 260-264 (The Physical
Society, LUndon, 1955).

Curves are given showing ti.e world distribution of f0 F2 at two sun-
spot epochs and for three seasons. "le annmolies thus revealed are then
classified. The dynamo theory of the magnetic variations, as developed by
Baker rnd Martyn, is used to 'Ink the observed F2 morphology with the
morphology of the magnetic variations at both quiet and disturbed times,
A quantitative interpretation is made of the main F2 anomalies such as the
morning rise and evening fall in F2 height, the symmetry about the geo-
magnetic equator, and the anomalous diurnal variation of F2 height and
density in the anomalous eqiAstorial zones.
A

MARTYN, D. F. Processes e'ontrolling ionLizaoi distribution in the F2 region
of the tososphe_ Atral. J. Phys. 9, 1'l-165 (1956).

It has been known for more than 20 years that the morphology of the
principal (F 2) region of the ionosphere is complex, and inexplicable in
terms oiaiy of solar ionizing radiation and recombination. The hypothesis
was advanced (Martyn 1947) that movement, and especially vertical move-
ment, of F2 tonLtiUoU wa the roaln reason why the morphology of this
region differed so profoundly from that of the lower regions E and Fl.
which conform closely with Chapman's well-kn,4n theory. A principal
cow. of movement of. F2 ioni&PA'm was held to be the drift occasioned
by the electr,•ynamic forces and winds associated with the Ionospheric
electric current systems whose exince is manifested by the daily maps-
tic variations at the ground. 'there is now considerable evidence, both
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theoretical and observational, to show that this view may be essentially
correct.
A

MARTYN, D. F. The normal F region of the ionosphere. Proc. IRE 47,
147-155 (1959).

The global morphologies of the F1 and F2 regions at magnetically
quiet times are reviewed, and attention also is given to the sunspot-cycle
variations. The physical conditions, temperature, pressure, recombina-
tion coefficients, and collision frequencies are reassessed in the light of
recent studies of rocket and satellite results and of diffusion. The theory
of the F region is reviewed with special attention to Bradbui-y's Lypothesis
and to the effects of transport of Ionization.

Also considered are the morphology of "spread-F"1 and radio star
scintillation phenomena. A theory of the latter is outlined, and it is shown
that the undersurface of the F region is unstable at times of upward drift,
which appear to be the times when such phenomena are prominent.
A

MARTYN, D. 1ý. Sporadic E-reglon ionization, "spread-F" , and the twinkling
of radio stars. Nature 183, 1382-1383 (1959).

All these phenomena reveal the presence In the Ionosphere of inhomo-
goe~ieties in electron density of thickness some kilometres or less, the
frequency of occurrence of which shows well-marked diurnal, seasonal,
and geographical distributlous, as well as correlation with geomagnetic
activity. -In the auroral zones they may be mainly due to ionization (in
columns and sheets) produced by direct bombardment of the particles
producing~ aurorae. However, aurorae occur rarely at moderate or low
*atitudes, where all these phenomena happen daily; in fact, at such ladi-
tudes the correlation no the latter with maionei activity tends to be rather
strongly negative.

A clue to the origin of these pheFamende at nonamroral latitudes may
lie in the fact that they a dpear to aven one comm oevn turo they ooccr most
frequently or most intensely at times when the ionzatiou of Ume relevant

ivatrix region (E or F) is moving upwards under the influence of thL.
electrodynamic forces associated with the Ionospheric electric current==

ystems rstudinstble for the solar, lunar or disturbance geomagnetic
variations. iFor eawepl, equatorial sporadic E-re dbon Ionition i. s a
maxlzmum near noon, wb~.n the tquatorial electrojet current is a maxiimum
eastwards, and at 8-9 hr. lunar time, when the lunar electro~et has a'
similar magmum, Apian, the occasional reductions of the equa!orlal day-
time (east.-dard) electrojet which art- associated with geomagnetic disturbance
are accompanied by a corresponding reduction In equatorWt sporadic E-
region Ionization.
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Some years ago it was suggested that such E-region ionirition was
essentially due to vertical movements, and the phenomena associated with
the drifting of an inhomogeneity in an otherwise uniformly ionized medium
were afterwards examined. In a region of negligible Hall conductivity
(such as the F2-region) the effects are simple. A long cylinder of electron
density N + AN aligned along the magnetic field H, and embedded in a
medium of electron density N drifting perpendicularly to H with velocity
V, drifts relatively to the matrix medium with the velocity:

v = -V(/(2 +() (1)

where( = AN/N and may have any numerical value. (It is easy to show
also that a sphere of corresponding density drifts with the velocity
v = - V (/(' + (). ) In both cases the motion is simple; there is no distor-
tion of the cylinder or sphere, which moves like a solid through the
medium without interchange of ionization at its surface.

These results have been applied recently to explain the occurrence
of 'spread F', and the scintillation of radio stars. It has been shown that
the ionization on the under-surface of the F-region is kInematically
unstable when the region is drifting upwards. At such times a small

irregularity (A in Fig. 1) drifts downwards relatively to the region and
becomes a large irregularity (as at B) capable of producing the pronounced
scattering responsible for scintillations and 'spread F'. It has been shown
that the magnitude of the inhomogeneities thus produced seems quantitatively
adequate, while the times at which these phenomena should occur agree
well with the known morphology of the occurrence.

At first sight it might appear that these simple considerations could
also be applied directly to explain the formation of sporadic E-region

uonzftion. Here, however, a difficulty appears. For the phenomenon
depicted in Fig. 1 to occur it is essential that the life (relaxation-time)
of the ionization in the irregularity be substantially longer than the time
required to drift from A to B, This oondition id adequately satisfied in
the F-region, where the relaxation-time of the (night-time) ionization is
about 2 hr.; it is certainly not satisfied in tMhe (iay-time) E-region, where
the relaxation-time is only 3 or 4 min.

The difficulty disappears when the Hall conductIvity of the E-region
is taken into eonsideration. In such a medium it has been shown that
movement of a cylinder like a solid body is impossible. However, move-
meat of a cylindrical perturbation of N is possible in such a way that there
is conotant interchange of ionization between the cylinder and the medium
it the surface of the cylinder. In other wnrds, a cylindrical perturbation
of ionization travels through the medium as a kinematic wave. For such
a wave to be propapted from A to B and so produce a major inhomogeneity
It is not necessary for the time of travel to be less than the relaxation-
time of the medium; it suffices if the wave travels a distance comparable
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with the radius of the cylinder in a time less than the relaxation-time.
This condition is frequently satisfied in the E-region of the ionosphere
for cylinders of less than about 1 km. diameter.

It can readily be shown that the velocity of the wave relative to that
of the moving medium, and in the direction of the latter motion, is:

V v(2 +()
v 4(1 +)cs2((a-0) +6 2  (2)

where tana, 6 are we/ye, wili/ respectively, (je,i being the gyro fre-
quencies and ve,i the collisional frequencies of the electrons and ions.

There is also a component of the wave velocity perpendicular to V,
but in the ionosphere this cannot of itself lead to the generation of
substantial inhomogeneities as it is mainly horizontal.

It will be noted that at heights of about 100 km.., where cos (d-f) is
about 1/20, 1vI may ,w apto five times IV I: the wave of inhomogpueity
travels up to five times faster than the general drift of the medium. It
seems almost certain that these waves are responsible for the production
of equatorial sporadic E-region ionization, which appears at the times of
solar, lunar and magnetic disturbances when the drift motion in the E-region
is upwards and the wave motion consequently downwards for c positive,
thus leading to pronounced irregularities on the under-surface of the
region. (For ( negative the wave moL.un is, of course, upwards, small
deficiencies in N .n the lower part of the region being transierred upwards
to appear as substantial nioles' near the ionization peak.) The recent
discovery that irregularities in sporadic E-regLon ionization at the magnetic
equator are siligned horizontally along the geomagnetic field is also in ac-
cord with this finding. It also seems likely that these %aves are responsible
for much of the sporadic E-region ionization found in moderate latitudes.
Their importance in auroral latitudes can be assessed only after further
studies.

It is remarkable that the same basit fact, kinematic Instability in the
Ionization gradient of a medium drifting across a magnetic field, should
appear to be responsible for three ,iophysical phenomena, nomely,
scintillation of radio stars, spread F, and at least some forms of sporadic
E-region ionization. However, no new concept is involved; the relevant
conclusions follow from the application of well-established electrocynam-
eial principles to known ionospheric facts. The only approximation assumed
is that the radius of the perturbation should be much less than the scale-
"height of the Ionized region, a condition which seems safely satisfied in
both regions E and F. Indeed, if these phenomena did not occur In the
relevant parts of the ionosphere, it would seem to be necessary to
explain why they were absent at the times and places where the Ioniza-
tion is known to havo appropriate upward drift.
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MARTYN, D. F. A survey of some F2-region problems. IN: Beynon,
W. J. G., ed. Monograph on Ionospheric Radio, Xllth General
Assembly of URSI, 35-38 (Elsevier Publishing Co., New York,
1962).

The anomalies appearing in the F2 layer, namely the winter and
summer anomaly, the magnetic equatorial behavior e k• &e se.w rate c.
recombination at night are discussed. In the case ct the: wxWr- sum mer
anomaly, the noon ionization density of the F2 maxlmum W higher in
winter than in summer. At the magnetic equator tOe maxi urn Uir,, siori
displays a "bite out" in the middle of the day at Husmicayo, The sunspot
cycle variation is about three times greater in the FA tan in UK. F1 Litver.
In constructing a realistic theory of the F2 layer it was fo;md that clcula-
tions at 300 km height, taking an electron density 4 10sc'Z, ive e•litA a,
frequencies of 900, 1. 1 and 40 sec"1 , respectively, for mwe wci*nkhr
of collision batwem'n electrons and ions, ions and ofutral enIv •a
electrons and neutr. ! molecules. A consideration of ve-xO-f MtPz2ci
on the basis of new data that the gas density at the helpt* vi f• V6
negion is nauch less than supposed hitherto. The ,ifftusiW* equatic s cm
be written as:

2
an ~ t f8- + 2 II 2 3 N N LN'

t H~vj(z) 2 282 2182

The velocity with which the height of the layer mtom'w1 r i*r 0 g•w

by:

W --aexp I- zj be I[- zJ -cpexp z"

With positive values of W the layer rises but the diffusionm rkaes t
down si..
MGA

MASON, R. 0.o e-vf
field a Ou f --. l. Tre.. O " "* -14__ . . ..._______ pKs, 44 40
(March 1963).

Two portable, three-conmmert variograpW have 1*im , ,,, in
conjunction with the Honolulu NMaetic Obeervrtc ry, o u,-A ,. re time
changes of the geomagwetic feld at seve pota.. m O, r uit m t
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Marked differences that were found between Z records at stations
only 20 km apart amounted in some cases to phase differences of more
than 30! in the 24-hr harmonic of the daily variation and to a complete
reversal in signa of short-period disturbances (1 hr or less). Small
dilferenctý4 were also noted between the D and H records. A detailed

az:y4 ast been made usin~g ý.arndard pnw; spcrmtchniques. The

_:tflren.cz..z(:i~e e4hplned 'z tL' !oa ý ,tmr~~ .r~r3th cezi~i
of e!sactric ctir rents, litw,&ed in tit- ocean 'p ftime changes'of the perimary
fi.4t. Iris' concludckt4 tbthek 9,Opttrn'xm F~nsiti-aft for M.InYvtg ~h~gw
n'easctrem:ents on an lslan±¼ s rre,,Ai Its' ý,aaLt,ýz~ tha~caa tjnv 4n Pvb-
si~avratory "'VcareC Ae.ewhvere wmzst be rveat&¼th au-t
A-

MASON, JR. rx. The Njpjat-oria1 thruet, id !he Ce~tni(d Pnt41.'~& r4'rece
63-13, Ma'-me Physical ~art M";z ofwr

Ocealiogra(.hr, Ac 1tl~( ~1 AtI-409 139.

W~erated 4rA Jarv.I-, ½r;F~u £Xi PtyŽ'r. itas tuing the- TOY. Tbklý;e
islands kiL alsk.&c F'i b _ a et'.~ ¼41auckn ji '. 1G .Ahcds
1 larvis, E £5. 6Y o t i~½ r4C ~4A~ ANrr aS ti e-
gree K -,I rn ~Ž& ~Vf. LK :r=. rae in "I at .I"rk I~ oi 151
gamnma, ~r7prY A' vr %t~~t~v4~tl~a~
rdI U17~ T0rAt~Ft~ . m~ sz tktng as a mrodel of

w fgux er !A 1* ýz -4: I.n~i tc i tt 31/2 degree
Sof Jarvis =.4 e t

ina W recýh,~ Wri m, -tt.sj *- .3~hrc½ A stutwy Mf !5idden
'sc: c- tte., c14oe- ?iat they4t too are con-

tcolled te lectCojeL t,dv'at& 'T'kntLu C t' "IN r~ dv~t thezeý fW; rn, I
nar-!cv~er nenrd thazr thýe S9  Si rt~udies in tM h ar. ,
12.C,-1 :cinutles ang& 'Lc~t)ta~yta-;M~ dWiths dcreLQ.Th-
js-'t~iod. T4-y st-ýw ýt -Uxal :towwornv d2aasttes dr>Ss;;ppro.xio'M~eýy
Rs tt-e -*n,;frst squaia of the itrwcy Thsi-) ct~arrd'erlstt_ 'ci rxne--
j{:ate-d White noise al cxst-ld 2½sQ31! 5@cm izpplyinag A ýitiui; rr'

to 'U1;n iI;t -'ice sye'--Wzn. sh petr a, ia e-#r -'--sý "CdAtnxI Iy Zk
hY - cctrie .curfr-tF.- tbtA rvw, tib h varying e.t rr. * field,

* ~ xiifl. ai i bvi>aet;Lx:c!"ý Attriiutabile t)geiogtc~id'fzýmI
tte!WCen station~,3

Best Available Copy



M

MATSUSHITA, S. Intense Es ionization near the maW'etic equator.
J. Geornag. Geoelec. 3, 44-46 (1951).

Worldwide Es ionization was examined from monthly median values
o~fEs at many stations (see Fig. 1). Meridional distributions of Es
Ionization on geomagnetic and magnetic latitudes are better arranged than
that on geographic latitudes, as well as cases of occurrence4frequencies
of Es (1) (2). As shown in Fig. 2, it seems fEs on geomagnetic latitudes
In the day-time (mean values of 09h. to 15h.) distributes proportionally
to ciOa), where X Is the sun's zonith distance. (Curves in the figure are
obtained assuming that hour-angles are O" and the sun's north declinations
are respactively 3" and 20' for September and May.

M.AI'MSIITA, S. Intense sporadic-E near the magnetic equator and at the
aAwrd)ral zone. Rapt. Ionospherb Res. Japan 6, 118-119 (1952).

ulking the day-time there is a narrow intense Es zone near the
muneti:.l equator which may be related to the eastward intense electric
current flow producing the daily magnetic variation. During the night
imtme;: E. occurs in the auroral zone, probably due to solar corpuscles.
(See a0o Proc. Third Meeting Mixed Commission on the Ionosphere
Stvzom.• ai Council of Scientific Unions, Canberra, Aug. 24-26, 1952.)

MATSPI•sIC'A, S. Intense sporadic-E near the ma~ietic equator. Rept.
SLpJqere Res. Japan 6, 123-124 (1952).

It was reported by the writer (J. Geomag. Geoelect., 3, 44, 1951,
%nd s*t ti Issue) that sporadic.iB (Es) In the day-time (mean of seven
!%outho I 1-med m-values from 09 h to 1i h) was abnormally large near the
___m n tic equator.

Rdt, fEt values are, unfortunately, not always accurate (K. Rawer,
LC. S.UV, Mxed Commisslon on lnnos., p. 114, 191, and H. Hojo In
St ows te), because they depend essentially on the data of apratus.

amd son occurrenoe frequmcirs of fE. for 22-02 h, 03-08 h09-15 h
mad ifi-21 h in otch mouth are examined for stations of Praserburch, tough,
WaM•aumte, WaMknMal, Mclta, Kokwbutm, Yamnagawa, Oklnawa, Tolpeb,

3togspore, Falkdand Is., Brisbane, Canberra, Hobart, Maoquarle Is. sad
SHnwcayo, for the purpose of examination of reliableness for Intense Z
towm mar the magpetic equator.

The occurrmene frequmnies for 09-15 h at Huancayo have some peou-
m--orl, oomparing other stads. They have three maximum frequences
S.: a 4.7. 8.0 and 10.3 MGo/s, though they vary in each season t
cantor be simply decided as errors due to the #Maao only. And the
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feature of the intense E. zone near the magnetic equator may be not largely
deformed, even if unreliableness due to apparatus is considered, because
already studied median values are nearly equal to median obtained from

smoothing distributions of these occurrence frequencies.
On the other hand, fEs during the magnetic storm time at Huancayo is

researched. In the daytime it seems to decrease, and at night it increases
except June Solstice.
A

MATSUSHITA, S. Ionospheric variations associated with geomagnetic disturb-
ances. L Variations at moderate latitudes and the equatorial zone,
and the current system for the SD field. J. Geomag. Geoelec. 5
109-135 (1953).

Variations in the densities and heights of the Ionospheric Ek- and
F2-regions during magnetic storms are studied. At moderate latitudes
in summer solstice and at the equatorial zone, the distrbence variation
of the Es in both local time (SD) and storm time (Dot) Is obtained by statis-
tical examination, although the individual values of" Es dafta may not
always be accurate. The amplitude of the SD variation of the Es at the
moderate latitudes is about 0. 5 Mo/s in frequency (16% for mean ionized
density), and ie phase of the variation seems to be opposit to that of the

F2. At the equatorial zone, the Si variatios of the Es- and the VS-regions
and the Dot variation for f0 F2 are rather peculiar for the phase, rompared
with those at the moderate latitudes. The geomagnetic 8D variation at this
Zeuze f aWso -- little different from that in the moderatelatitudes. In addi-
tion the current system for the SD lield is calculatd by the dynamo theory,
taking Into consideration the aniotrople electrical-conductivlty. A produc-
tion mechanism of the Es Is supposed, and the possibility the the o,-
-spheric 8D varIations are due to the effect of a drift by the earth's magnetic
field and the electric fie61 of the SD ¢urtnt is discussed.
PA

MATSUSIrAS. Luanar tidal variations In the spoadi R an ept. lono-
sphere Me, Japan 7 45-52 (19531.

Finds maxiwum amplitude of lunar semidiurnal variation of fEg for 1
yr resembles that of VS though larger fa summer, ospechly for middle

latitudes. Mapitude of haight variation resembles Fl. fys maximum
height variation occurs about 6 hr after Iluar culmination and maximum
for fEs o(curs 2 - 3 hr later still.
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MATSUSHITA, S. Some studies on the Es region. Disturbance variations of
the Es region and the current-system for the Sp field. Proc. Mixed
Commission on the Ionosphere, Brussels, 16-18 August 1952, 194-
211, (1954).

The Es variation associated with geomagnetic disturbances, SD(Es),
is studied statistically, Its amplitude ts about 0. 5 Mo/s and the variation
shows peculiarities near the magnetic equator. The SD current system
required by the dynamo theory is calculated theoretically, taking into
consideration the anisotropic conductivity, and it is concluded that the SD
(Es) variation may be due to vertical drift effects associated with the
SD field.
PA

MATSUSHiTA, S. 1cn!ehric F2 variations associated with geom--!etc
disturbances at the equatorial zone. IN: Physics of the Ionosphere,
265-269 (The Physical Society, London, 1955).

The disturbance daily variations and the storm-time variations in the
minimum virtual height and in the critical frequencies of the F2-layer at
Huancayu have been studied. A sharp maximum of the disturbance daily
variation occurs at about 05 hr. The SO, variation for the geomagnetic
horizontal component at Husncayo was also examined. That variation has
some peculiarity compared with at moderate latitudes. This result is
explained by the SD current system calculated by the dynamo theory,
taking into consideration the anisotropic electrical conductivity. The
sharp maximum In the disturbance daily variation of h'F2 at Husncayc is
explained by theoretical consideration of the drift produced by the electric
field of the calculated SD and the earth's magnetic field.
PA

UATSUSITA, S. gNia Es and lunar effects on the equato hl Ea.
J. Geomag. Geoelec. !, 91-95 (1955).

No abstract available.
PA

MATOUSMIA, &. Lunar effects on fte eggltorWa Ea. J. Atmos. Terrest.

Statrj eqaatorial Es intense during daytime but occasionally disappeasm
about noon or In early afternoon; usually continues till evening. Plots E6
disappearance time at Huancay. vs lunar age. Finds equatorial Es often

disapeas earlier than usual around full and new momns. Shows that solar

Uime of disappearance vs lunar hour yields much clearer relation. Concludes
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Es often disappears around noon or early afteraoon if these times lie
between 0000 and 0300 or between 1200 and 1500 lunar time, I e., Es
often disappears during first half of periods of westward lunar electric-
current flow. Thinks Es may be caused by vertical upward drift due to
eastward electric-current jet. Explains disappearance of Es by assuming
vertical upward-drift force due to eastward electric current of solar
magnetic variation is weakened by downward-drift forces due to westward
electric current of lunar magnetic variation.
M

MATSUSHITA, S. A study of the morphology of ionospheric storms.
J. Geophys. Res. 64, 305-321 (1959).

A study was made of the variations of the maximum electron number
density in the ionospheric F2 layer during magnetic storms. Fifty-one
strong storms and 58 weak storms were studied. The data were collected
during the ten-year period 1946-1955, at 38 ionospheric stations between
60.40 N and 60.40 geomagnetic latitudes. The Ionospher1c stations were
put into eight zones according to their geomagnetic latitudes. Storm-time
variations in the maximum electron number density (Dot) and disturbance 6
daily variations during each six-hour period (DS) were obtained for each
of the eight zones.

The Dot variation in higher middle-latitudes was characterized by an
initial short c~rease followed by a much larger decrease, the amplitude

jof the decreaioc being accentuated in summer. In the equatorial region,

however, the phase of the variation was the opposite of that In higher
latitudes. There was generally an increase after an initial short decrease,
with no seasonal effect. The Dot variation at Intermediate latitudes re-
sembled that at higher latitudes in summer and that at the equatorial
region in winter, with the average over all seasons being relatively flat.

The diurnal component of the DS variation for each aix-hour period
Indicated. an the harmonic dial, a change in the clockwise sense except
In the equatorial region. The maximum amplitude of the diurnal compo-
nert of the mean of the DS variations showed a gradual decrease from
higher toward lower latitudes with a subsequent increase In the equatorial
reio A remptrkable chag of the phase of the diurnal component also
occurred from higher toward lower latitudes.
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MATSUSHITA, S. On artificial geomagnetic and ionospheric storms associated
with high-altitude explosions. J. Geophys. Res. 64, 1149-1161 (1959).

Geophysical effects of nuclear explosions &t Johnston Island on August 1
and 12, 1958, were studied by means of IGY geomagnetic and ionospheric
data collected at various stations in the Pacific area and the American
continent. The explosion heights are estimated at 70 to 80 km and about
40 kin, respectively. Immediately after each explosion, three phenomena
occurred. (1) Strong counterclockwise circular electric currents were
formed in the vicinity of Johnston Island at 80- to 100-km height. They
caused the immediate occurrence of artificial magnetic storms in the cen-
tral Pacific. (2) High-energy particles moving along the magnetic lines of
force caused auroras seen from Apia, and also caused the main parts of
the magnetic storms observed at Apia. (3) X-rays due to the explosion
caused the increase of the D-region absorption observed at Maui.

Irregularities of the electron density in the F-layer at Maui and the
maximum geomagnetic, change at Honolulu were caused by a shock wave
from the explosion. The degree of ionization in a wide area in the central
Pacific increased to about 10 times normal within 35 min after the first
explosion and within about 6 hr after the second. Then a strong radio
absorption continued for many hours,
A

MATSUSHITA, S. Interrelations of spradic E and ionospheric currents.
IN: Smith, E. K., and S. Matsushita, ed., Ionospheric Sporadic E,
344-375 (Macmillan Company, New York, 1962).

Several different electric current systems in the ionosphere at about
100 km altitude have been postulated from stutdies of quiet and disturbed
variations of the geomagnetic field. Almost all of these ionospheric current
systems are related to different types of sporadic E (Es), although the
mechanism involved in the relationship is not the same in each case.

It is suggested that equatorial E. is a kird of irrý)gularity in the
equatorial electrojet due to vertical drifts. E. occurring in temperate
latitudes is postulated to be mainly a thin patchy layer which is due to

vertical drift motions of charged particles caused by wln'1 shears; however,

occasionally a thick cloud is formed by descending Ionization from the upper
ionosphere. In both cases Es is affected by ,the solar daily quiet ionosphere
current. In high latitudes predominant types of E., such as slant, re-

tardetion and , "oral types, together with the disturbed ionospheric currents,
are due to charged particles penetrating into the lower ionosphere from
outside the eart'Us atmosphere, as can be clearly seen during geomagnetic
bays. This interrelation also occurs occasionally at the time of geomagnetic
sudden commencements, Retardation type ol Esaud so-callkd night-E are
thick patchy ltyers, and auroral Es is formed by field-aligned clouds, *l1 of
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which are caused mainly by electron impact. These interrelationa ot E.
and ionospheric currents are discussed in the present article and an ,Asti-
mation of structures and causes responsible for the different types of ±-s

is presented.
A

MATSUSHITA, S. Ionospheric variations during e•eonagnetic storms. IN:
Proc. International Conference on the Ionosphere, London, July 1962,
120-127 (The Institute of Physics and the Physical Society, 1963).

Different typee of ionospheric data are used to investigate the ionospheric
variations at the beginning of geomagnetic storms. Also, the Central Radio
Propagation Laboratory electron density profiles are used in studies of the
average variations during storms.

Soon after sud&- commencements, an increase in ionization in the
lower ionosphere often occurs at high latitudes; a variation in the height
of the E layer occasionally appearm tt low latitudes. When geomagnetic
micropulsations are associated witfi sudden commencements, the iono-
sphere also shows a similar period of oscillation.

The storm-time and the disturbance local-time variations of each
parameter of electron density profile data show a remarkable dependence

on season and latitude. Interesting relations are found between height
and density variations.
A

MATSUSHITA, S. Equatorial ionospheric variations during geomaenetic
storms. J. Geophys. Res. 68, 2595-2601 (1963).

During geomagnetic storms, ionospheric Dot variations in the magnetic
equatorial zone and low latitudes seem to be characterized by an increase
of the maximum electron density of the F 2 layer. Thin tacrease ii con-
firmed by the electron density profile data. Possible causes of the increase
are discussed.
A

MATTHEW, E. M. Preliminary su.e of results of observations of field-
aligned Irregularities from Brisbane. Scientific Rept. 4, Contract
AF 64(500)91 Queensland University, Australia, (Nov. 1961).
AI.-286 379.

Prelininary results of an investigation into aspect- sensitive reflections
from fietd-aligned irreoularities. undertake nsa Brisbane, are discussed.
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Such echoes were seen to occur at nighttime in the direction of geo-
magnetic south, with either a U-shape or a patchy appearance. The peak
of the diurnal occurrence was at local midnight. The fading rate was
generally faster than that of ground back-scatter echoes. Echo durations
were usually of the order of 2 hours. The range distribution had a peak of
occurrence between 1500 and 1700 km virtual slant range from Brisbane.
Range spread along the 180 deg geomagnetic meridian was usually between
100 and 150 kmn; apparent speeds of motion along this rerdian were most
commonly less than 200 km/hour. Northwards motion predominated be-
fore local midnight and southwards alter this time. The mean azimuths
of observed echoes showed a westward deviation with increasing time,
due to ionospheric effects, and also a westward deviation with decreasing
range. Possible correlation existed between echo occurrence, radio-
star scintillations and spread F. Some magnetic control of echo occurrence
and behavior was observed.
DDC

MATTHEW, E. M. Further results of observations of field-aligned irregu-
larities from Brisbane. Scientific Rept. 12, Contract AF 64(500)9,
Queensland University, Australia (March 1962). AD-294 609.

Results of an investigation into the charact'trities R.1 behaviour
of echoes from F-region field-aligned irregulperities as observed at
16 mc/s from Brisbane over the period August, 1960 to August, 1961,
are discussed. The echoes (classified as patch or U-echoes) were ob-
served either by direct reflection ('short-range' echoes) or as 'long-range'
echoes, either by intervening reflections from the F-region and ground,
or by direct reflection at times of steep horizontal ionospheric gradients.
The diurnal variation of FAE occurrence was related to prevailing iono-
spheric conditions, long-range echoes occurring at times when foF2 is
high and h'F is low, and short-range echoes when foF2 is low and h'F
is high. U-echoes typically showed azimuthal spreads 20 degrees greater
than those of patch echoes. U-echoes were found to occur preferentially
at times of magnetic disturbance; magnetic control of sense of motion
(northwards with increasing magnetic disturbance), and of range-spread
(decreasing with increasing disturbance) was observed.
DDC

MATTHEW, E. M., and E. W. Dearden. Radar observations of field-
aliged irregularities during the two magnetically disturbed da:ys,
May 6, 1960 and May 8, 1960. Scientiflc Rept. 15, Contract
AF 64(500)9, Queensland University, Australia (March 1902).
AD-294 699.

Further evidence is presented for an association, postulated by

Dearden (1962), between the Outer Van Allen Belt, the FAI ares observed
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from Brisbane, and the 6300 A airglow arcs. The phenomena associated
with a discontinuous increase in tk, northward speed of an FAI arc are
studied and the event is interpreted as arising from some form oi' impact
on the magnetosphere. The occurrence of an annular echo qnd its asso-
ciated phenomena is interpreted as tin obsej oittion of the Outer Belt dump-
ing radiation into the atmosphere.
DDC

MAYAUD, P. N. A new system of magnetic coordinates for the study of the
upper atmosphere: The coordinates of the equatorial ring.
Ann. Geophys. 16, 278-288 (1960). (In French.)

Because of the part played in phenomena of corpuscular origin by
the lines of force of the real magnetic field, it is proposed that these
phenomena be classified in their studies by substituting for the dipole-
coordinates a representation of the real field obtained from the extremities
of the lines of force of the real field which issue from circumferences of
the equatorial plane. With the aid of calculations based on harmonic
spherical analysis carried out by Hultqvist, chartb are drawn whdch permit
the coordinates in this new system of any point on the earth's surface to
be easily determined. Some examples justify the soundness of this
substitution.
PA

MAYAUD, P. N. Equatorial electrojet and magnetic activity. Ann. Geophys.
19, 164-179 (1963). (In French.)

The magnetic activity is analysed, by K-indices, on a three-years
sample in an observatory located unaer the electrojet and In some ob-
servatories outside it. The amplification of activity caused by the elec-
trojet, in close relation to the amplification of Sq, is estimated to be
at least 3 during strong agitation, and 5 during weak agitation. An inter-
pretation of this phenomenon is suggested: it would be due to a perturbation
created by the planetary magnetic activity; it would therefore be a secondary
phenomenon.
PA
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MAZUM, 4,.,i, S. C., and S. N. Mitra. Peak amplitude recorder for intvstl-

gation of fading. Indian J. Phys. 28, 251-255 (1954).

On pulsed transmissions, the different order ionospheric returns
are received at distinct time intervals and they are represented as

separate echoes. This paper describes an experimental arranigement

which can select any one of these 'echoes' and record its amplitude
variation.
A

McINERNEY, R. E. , J. C. Ulwick, and W. Pfister. Direct electron density
measurements in a satellite up to one earth radius. Upper Atmos-
phere Physics Laboratory, Air Force Cambridge Research Labora-

tories, Cambridge, Mass. (1964).

An impedance probe, operated in two frequencies, was flown on
satellite 1962 Betta Kappa together with several trapped radiation experi-

ments, Roughly 50 orbits of tape recorded data were collected In the
first eight days. Real time data were recorded for the next two months.

Electron densities were measured from the peak of the F layer to 5500
km. The electron, densities above 1500 km were fairly constant at a

value of about 4000 electrons per cm 3 . Day to day, latitude, and local
time variations of densities are studied.
A

McNICOL, R. W. E., and G. de V. Gipps. Characteristics of the E, region
at Brisbane. J. Geophys. Res. 56, 17-31 (March 1951).

The E8 rcgica as recorded on routing h'f rownrds taken at Brisbane

(latitude 27,* 5 south, longitude 1530. 0 east) between June 1943 and
December 1949 has been studied. At all seasons the critical frequency

is lowest at dawn. In summer months, the critical frequency reaches

a maximum at about 10h and then declines gradually, remaining high

until after midnight. In winter, the rise is slower and the maximum

critical frequency occurs around 14 h, dropping markedly by sunset.

In general, it high Es critical frequency is accompanied by blanketing

of F echoes up to a comparatively high frequency; but, whereas the
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occurrence of high critical frequencies shows a summer maximum and

a winter sub-mwdmunm, the occurrence of high blanketing frequencies

is least frequent in winter. The observations suggest that there are

two distinct types of Es common at Brisbane-one formed at greater

hetl"s• imd descending to its final position, the other formed in situ.

The first, thepredominant type in summer, blankets strongly and has

probably a uniform ionization density; but the second, the winter type,

blankets little and probably has pronounced lateral irregularities. No

evidence of correlation could be found wit. sunspot numbers, ionospheric I
storms, or meteor occurrence frequency, and the conclusion is reached

that the Brisbane Es is not predominantly of meteor origin. There is I
some slight evidence of correlation between the constant-height type of

L. and F region diffuseness.
A

McNICOL, R. W. E., H. C. Webster, and G. G. Bowman. A study of
"spread-F" ionospheric echoes at night at Brisbane. Austral. J.

Phys. 9, 247-271 (1956).

At frequencies well below the critical frequency, satellite echoes

sometimes accompany the night-time F2 echo, sometimes clearly
separated, sometimes overlapping. In an investigation of these range
multiplets, in addition to routine Plf sounding records, continuous
virtual range measurements at fixed frequency (at stations of various

separations), and measurements of mean intensities, phase-path
changes, and directions of arrival, have been carried vut.

From a study of the results, certain simple relationships emerge,
as first approximations, between the varlous quantities measurel,

namely; virtual ranges (group paths), phase-path change, zenith angle,
azimuth, intensity, and the tin-e. A parameter having the dimensions
of velocity, appearing in these relationships, has values of which 80 per-
cent lie in the range 240 +140 km/hr, with directions of which 80 percent
lie in the range 290 =60". The mean duration of a satellite is 50 rmin.
Satellites occur more frequently in winter than in summer and Phow a
somewhat complex diurnal variation, which is doscribed in detail, and
which tends to recur from year to year. It is associated with the
general night-time changes in equivalent height of the layer. Strongly
reflecting Eg shows an inverse diurnal variation. No correlation with
geomagnetic disturbance Indices could be found.
A

321



M

McNICOL, R. W. E., and G. G. Bowman. Latitude variations of frequency of
occurrence of "spread-F" satellite traces. Austra. J. Phys. 10,
588-590 (1957).

Night-time "spread-F" satellites, revealed as discrete extra traces
of range greater than the main F-region echo on ionograms (h'f records)
have been recorded by McNicol, Webster, and Bowman (1956) as part of
the spread-F phenomenon at Brisbane. This report is an investigation of
the relative frequency of occurrence of such satellites at different latitudes.
A

McNICOL, R. W. E., J. S. Mainstone, and J. R. Wilkie. Micropulsation
studies at Brisbane, Queensland il. Pulsations of the Pc and Pt type.
IN: Proc. of the International Conference on the Ionosphere, London.
July 1962, 169-176 (The Institute of Paysics and The Physical Society,
London, 1963).

Micropulsations in the period range 4-100 Fec were recorded with
equipment sensitive down to 0. 001Y sec- 1 on both paper chart and magnetic
tape. Analysis of the tapes was made with a Kay Electric sonograph frequency
spectrum analyser, the tapes being speeded up by a factor of 44000 on replay,
so that one complete day's record appeared on each sonagram. It was
found that Pc pulsations were strongest during daylight hours, and had au
amplitude which depended on magnetic Kp index, being approximately 0.3 Y
peak-to-peak when Kp = 3. The spread in the frequency spectrum of the
Pc pulsations depended both on time of day and Kp index, being greatest
at mid day, ranging then up to a maximum value which was proportional
to Kp, being about 0. 1 c/s when Kp - 3. The lower limit of the frequency
spectrum was almost independent of Kp index and time of day, being usually
about 0.02 c/s. When Kp - 0 the pulsations were not detectable on the
chart records but could be seen weakly on the sonagrams during the day-
light hours only, confined throughout this time to the frequency range 0.02
to 0.04 c/s.

Pulsations of Pt type could be distinguished from Pc on the sonograms
by their characteristically short duration and more widely spread frequency
spectra. It was found thst Pt',. occurred most often in the late afternoon
and at night, being most common around 2100 hours L. M. T. The occur-
rence of Pt's also depended on the degree of magnetic activity, and was
closely correlated with the occurrence of magnetic bays, the amplitude
range of the Pt being proportfonal to the value of dH/dt for the associated
bay.
A
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McNISH, A. G. Geomagnetic coordinates for the entry earth. Terrest.
Mag. Atmos. Elec. 41, 37-43 (1936).

During a recent investigation it was found necessary to construct a

system of geomagnetic coordinates covering the entire Earth. As these
may be found useful to those engaged in terrestrial-magnetic, cosmic-ray,
and other geophysical researches ior finding the geomagnetic coordinates
of various places the noniographs prepared are reproduced herewith.
Excerpt

McNISH, A. G. Progress of research in magnetic diurnal-variations at the
department of terrestrial magnetism, Carnegie Institution of Washing-
ton. Int. Ass. Terrest. Mag. Elec. Bull. 10, 271-289 (1937).

The establishment of a magnetic observatory by the Department of
Terrestrial Magnetism of the Carnegie Institution of Washington near
Huancayo, Peru, in geographic latitude i2. 00 south - geomagnetic
latitude 0. 06 south - has led to the discovery of magnetic diurnal-variations
markedly different from those expected for such a region. The anomalous
character of the diurnal variations at this station is most conspicuous in
the extremely large range in horizontal intensity - for example, the range
in this element was 106 gammas for the international quiet days of the
equinox of 1923 as compared with 32 gamn; 's observed for the same time
at Samoa, in geographic latitude 13. 08 south and geomagnetic latitude
16. * 0 south.

Examination of the variations observed at other stations in about the
same longitude as Huancayo indicates that they exhibit certain features
which seem to fit into the concept derived from examination of the Huan-
cayo variations. With a view to more clearly understanding the variations
of these stations in the Western Hemisphere, a spherical harmonic analysis
of them was undertaken.
Excerpt

McNISH, A. G. Terrestrial-magnetic and inospheric effects associated
with bright chromospheric eruptions. Terrest. Mag. Atmos. Elec. 42,
109-122, (1937).

Magnetic changes occurring at a large number of stations simultaneously
with bright chromospheric eruptions reveal that the effect is an augmenta-
tion of the normal diurnal variation supposedly due to increased atmospheric
ionization by ultraviolet light from the eruption. Radio fade-outs occurring
at the same time indicate that this increase of ioniation takes place at the
base of or below the E-layer while the upper Is-rs are unaffected. These
facts are adduced In support of the Sewart-SB~aster theory which attributes
the diurnal variations to dynamo-currents In the ionosphere, since the
lower ionosphere is the region in which these currents are likely to flow.
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The upper regions of the ionosphere are most favorible for the operation
of the drift-current and diamagnetic theories. Absence of typical features
of magnetic disturbance immediately after and for several days alter the
more intense eruptions is contrary to the effects predicted by the ultra-
violet theory of magnetic storms.

Examination of the processes of ionization indicates that the solar
eruptions are adequate causes of the effects observed. These eruptions
mubL produce very large increases in ionizing radiation. It is suggested
that normal radiation from the Sun in the extreme ultra-violet is much
greater than that calculated on the assumption that the Sun is a black-body
radiator at a temperature between 60000 and 70000 K.

Statistical examination of the phenomena suggests that differences in
intensity may be adequate explanation for the production of magnetic effects
and radio fade-outs by some eruptions, only fade-outs by others, and
absencq of noticeable terrestrial effects in numerous cases. Fade-outs
reported when no eruptions occurred seem attributable to causes of a
different nature.
A

McNISH, A. G., and T. N. Gautier. Theory of lunar effects and midday decrease
in F2 ion-density at Huancayo, Peru. J. Geophys. Res. 54, 181-185
(1949).

It is shown that the diurnal variation of the earth's magnetic field
gives rise to forced diffusion of ions In the F2 region. Calculations indicate
that at Huancayo, Peru, this diffusion may account for the midday de-
crease in F2 critical frequency observed there. To test this theory, the
F? data from Huancayo were examined to determine if, when the solar and
lunar magnetic diurnal variations are in phase, the midday values of F2
critical frequency are lower than when the variations are out of phase, as
called for by the theory. The predicted effect was verified by the observa-
tions.
PA

McNISH, A. G., and I. N. Gautier. Lunar ionospheric variations at low-
latitude stations. J. Geophys. Res. 54, 303-304 (1949).

Give amplitudes and phase angles by season for variations In foF2 at
12h and 16h with age of moon. At stations near geomagnetic equator, there
is variation; at station 20 deg frow geomagnetic equator, amplitude only
2/3 as great. At equator, fo has muima 2 days after new and full moon,
and minima 2 days after quarters; at 20 dog from equator, phase to ubi1Wed
almost exactly 180 deg.
M
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McNISH, A. G. Symposium on Dyn:imic Charaicteristics of the Ionosphere,
IN: Proc. Conference on Ionospheric Physics, State College, Pa.
24-27 July 1950. (See allo Comments by D. F. Martyn and M. H.
Johnson.)

We have been investigating the lunar tides in the F2-Iayer, the tdal

effects, I should say, at Ituancayo and other observatories. Figure 6 is

an idealized picture of the diurnal variation in terrestrial magnetism

caused by this current system which Dr. Martyn described as observed

at Huancayo. It shows the change in amplitude at different phases of the

moon. You will note on this figure that about four days after the new and

full moon indicated by the solid and open circles we have the maximum

diurnal variation, and four days alter the quarter moon, or half moon

whichever yoa call them, we have the minimum of the diurnal variation.

This led us to look for certain tidal effects in the F2 -region on the basis

of a theory which I am not so sure is correct now as I was when we found

that the theory was verified by the observation. Figure 7 will show the

change in the critical frequency of the F2-layer at Huancayo, You will

notice here that the critical frequency has a minimurn about four days

after the new moon and after the full moon, and a maximum after the

intermediate phases of the moon. Alsc it his the double period quite

characteristic of the lunar tidal effect. The amplitude here is 1.7 mc and

an approximate value of a little under 9 mc corresponding to a.out 30 per-

cent change in ion density. This was based upon thc tabulated values and

does not really represent what is happening. Now figure 8 represents

these effects by vectors showing the amplitude and phase of the lunar

effects. These are values at noon and we hatve various ionosphere stations

represented on this figure. You will notice that along the geomagnetic

equator all the arrows are in approximately the same direction and of

approximately the same magnitude. The different seasons of the year are

represented by different typ4z of iarrows. But in general the effect all

along the geomagnetic equator agreed n magnitude and in directio4. It

was quite disturbing to us to find utat at about 20 degrees from the geomag-

netic equator the phases were completely reversed, and that is why I

called attention to that one point on Dr. Martyns's last figure.

The daily times o; occurrence and duratiou of visible evidence of

lunar stratification during the months October 1948 through February 1949

are shown in figure 9. Time ol day is plotted vertically according to the

scale on the left, and days of the month are plotted horizontally. The

vertical lines of the graph represent intervais during which the stratifici-
tion was observed. These intervals tend to lie along diagonal lines with

a slope of approximately 80 minutes per day, Dates of occurrence of new

and full moon are also shown on the chart. The sinusoidal curve symbolizes
the waxing and waning of the moon.
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The relation of the occurrence of the strati:.Zation to lunar and solar
time is clearly shown in figure 10, in which the lunar and solar times of
disappearance of the stratification (e. g., the stratification "disappears"
at 1615 solar time in figure 11) are plotted against each other. The times
of disappearance are quite sharply confined to solar time between about
1000 and 2100 hours, and cluster distinctly about two lunar times (approxi-
mately 0815 and 2045) separated by 12-1/2 hours, which is one-half the
lunar day.

Let us now view figure 11. T!,3se are the successive ionographs from
Huancayo taken at 15-minute intervals, from 1230 on one day to 1615,
showing how the stratification developed. You notice at 1230 that the F-
region has a rather distorted look with a tremendous flattening in virtual
height at a frequeL-' of around 10 mc. Fifteen minutes later that part
has risen and it continues to rise right on through the picture until a decided
cusp develops, and finally as we go down to the last picture you see that
the layer has s•it into two. I thought of getting back to our old geological
and biological things and thinking of a mitosis of ionosphere in this case,
so that we have this layer being formed from a division of the F2-layer
caused by the moon. That takes place very regularly, practically every
day, although this is one of the most clearly cut cases of it that we have
observed. The importance of this to propagation is very interesting also.
The maximum usable frequency for this first figure at 1230 happends to be
37 mc. for 4000 kim, propagation; the maximum usable frequency for the
last blide is 25 mc. But the charts which we published giving average
values for the mouth show that from 12:00 o'clock noon until 4:00 o'clock
in the afternoon, 32 mc. was the correct frequency to use. So we find out
that this rather abstruse lunar tidal effect is something which comes '.'to
considerable practical interest quite apart from its theoretical interest.
There are three theories I have in mind to explain it which would take too
long to expound here; the one which Gautier and I published about a year
ago, the theory which Dr. Martyn put out, and another theory. I do not
know which if any of these Is correct, but I want to point out the very
complex character of this. Now another feature of interest here Is that
when these ions get to this great height, which corresponds to about 700
kcn ahove the earth's 1turface, = is the time that the ion density attained

the maximum at Trinidad. As these ions apparently fall down the lines of
force, (although these would not reach as far as Trinidad) a point somewhat
apart from the geomagpetic equator near the location of Trinidad would
have the ton density increased by these electrons falling down the lines of
force., and in that way it would explain not ofly the anomalous behavior
of Husecayo, but also the redeon for the phase differences In lunar tides

between the points at the peomagnetic equator and points separated from
them by about 20 degrees.
Excerpt
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McNISH, A. G. Geomagnetic effects of high-altitude nuclear explosions.
J. Geophys. Res. 64, 2253-2265 (1959).

Two high-altitude nuclear explosions detonated near Johnston island
in August 1958 produced distinct geomagnetic effects at Honolulu, Palmyra
Island, Fanning Isla-=d, Jarvis Island, and Apia. No other operating magne-
tic observatories reported discernible effects. The effects at the first four
observatories are attributed to overhead currented caused by increased
ionization of the atmosphere by Y rays and their secondaries from the
detonations. The effects at Apia are attributed to charged partlicles from
the detonations and Compton electrons released from the air around the
detonation.
A

MEDNIKOV, N. V., ed. Materials of Ionosphere Research. (Krasnaya
Pakhra, Moscow, 1960).

The published data are contained in two issues: July-August 1957,
80 pages with graphs, and May-June 1958, 76 pages with graphs.

Sponsoring organizations: The Interdepartmental Committee for the
Conduct of the International Geophysical Year Under the Presidium ,'e
Academy of Sciences, USSR: The IGY 1957-1958-1959; and the Ibatit
of Terrestrial Magnetism, the locosphere and Radio Wave Propagation.
(Moscow, Knlzhnaya Letopis', No. 51, 1960, Nos 74845, 74846, p. 21)

From Soviet Bloc Research in Geophysics, No. 4, 12 (1961).

de MENDOCA, F., and 0. K. Garriott. !2o rc electrix catezt
calculated by a hybrid Faraday-D &er teehniq. J. Atmos.

Terrest. Phys. U, 317-324 (1962).

When the radio signals from an orbiting earth satellite prqoae
through the Ionosphere and are then received ft the gratmd. tw effects
may be readily measured. First. the polarization j4 • the received signals
varies, due to the Faraday effect and, second, the ionosphere slightly
alters the received Doppler shifts. Measuremets of either of these
effects may be related to the electron content of the ionosphere (Atchinaac
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and Weekes, 1959; Garriott, 1960; Ross, 1960; Yeh and Swenson, 1961),
although it is necessary to make some assumptions about horizontal gra-
dients in the ionosphere in each case.

Recently, a method was suggested by Burgess (1961) in which Faraday
•nd Doppler information were used together to permit the calculation of
electron content and, in this case, no assumptions about horizontal gra-
dients or adjustments for the vertical component of the satellite velocity
were necessary. This paper will present an improved and more general
version of the hybrid Faraday-Doppler process devised by Burgess (1961)
and later modified by Golton (1962). Calculations of the electron content
for a number of "Transit" satellite passages have been made using this
hybrid technique. The results will be compared with values obtained
using only the Doppler information which are presented in another paper
by de Mendonca (1962). This last Doppler method properly accounts for

horizontal ionospheric gradients and closely agrees with the resilts ob-
taned with the hybrid Faraday-Doppl-r method used in this paper.
A

MILLMAN, G. H. , A. J. Moceyunas, A. E. Sanders, and R. F. Wyrick.
The effect of Faradiy rotation on incoherent backscatter obberva-
tions. J. Geophys. Res.66, 1564-1568 (1961). I

The technique for studying the characteristics of the ionosphere
by means of incoherent scattering of radio waves by free electrons was
first postulated by Gordon 119581. Experimental verification of this
phenomenon has been demonstrated by Bowles 11958, 19611 of the National
Bureau of Standards and by Pineo, Kraft, and Briscoe 1960a, bj of the
Lincoln Laboratory.

In this note, preliminary observations of incoherent scattering con-.
ducted at Trinidad, WIF (10. rN, 61.r W), with a high-pow6red tulued
radar operating at a frequency of approximately 400 Mo/a, are described.
Excerpt3

it
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MINNIS, C. M. The graphical representation of the longitude effect in F2-

region. J. Atmos. Terrest. Phys. 2, 261-265 (1932).

Assuming that the type of fF2/dip angle relation suggested by
Appleton is valid, a network of geographical zones can be constructedI
within each of which the change of f F2 along a line of latitude does not
exceed some upper limit. A typical set of zones has been constructed
butl the boundaries are too complex and variable to be used in practice
for the accurate representation of the geographical distribution of fF.

It is concluded that for commercial use the best method would be to
make use of a set of hourly charts each of which would show the distribu-
tion at a fixed U. T.
A

MINNIS, C. M. Ionospheric behaviour at Khartoum duriN the eclipse of 25th
February 1952. J. Atmos. Terrest. Phys. 6, 91-112 (1955).

Automatic h'f records were made at intervals of four-and-a-quirter
minutes during the eclipse and at quarter-hour intervals on ten control
days. The behaviour of both E- and Fj-layers can be explained in terms
of Chapman layers having constant effective recombination coefficients-

(.'E~~~~~~~ Tj 15 i4cm , SXi c 3 S-1), and assuming
non-uniform distribution of the sources of Ionizing radiation on the sun's
disc. It has been possible to derive the positions. and relative intensities
of these sources from the E-layer data, and they appear to be reloatd to
the location of sources of intense green coronal radiation.

The P2-lay-er response to the eclipse is consistent with the assumption
of two component layers: a lower one, corresponding to the normal post-
sunrise F4-layer, which is sensitive to cheanges In solar- radiation and has
a* ,and anuper one whichIna later dovelopment Ofthe lower:layer but
wh~ich, U Insensitive to solar radiation and haa a small W. ChangesIn the
absorption In 1)-layer confirm tde asymmetrical distrfibvtion of sources of
ionizing radiation. Although Mes showed a very deep mWinmum about an
hour after totalty, there is notbft to suggest that this was an eclipse effect,
nor Is there any evidence for a cotpuncular eclipse in r2-tayer, about two
hour,* before the optical #clipse.
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MINNIS, C. M., G. H. Bazzard, and H. C. Bevan. Ionospheric chan•,es
associa.ed with the solar event of 23 February 1956. J. Atmos.
Terrest. Phys. 9, 233-234 (1956).

The measurements discussed in this note are based on h'f records
obtained at the ionospheric observatories at Singapore, Inverness, and
Slough. The magnetometer at Singapore measures the skin resistance
of a mumetaJ wire and records a value integrated over a period of about

I sec.

Singapore (Lat. 010 19'N, Long. 103° 49'E)
On 23 February 1956 at 0330 UT ±5 min, a very sudden increase

(Al = 58Y) occurred in th3 horizontal component of the geomagnetic
field. This was followed by a slower increase which resulted in a peak
deflection, 10 min after the initial rise, of 77Y. These changes in H are
shown, slightly smoothed, in Fir. 1(a) and are consistent with the occur-
rence of a solar flare which was, in fact, seen at Tokyo and Kodaikanal.
From an examination of the original magnetometer trace, it appears
as if H had returned to normal at 0440 UT-

The simultaneous increase in D-layer absorption, which normally
accompanies such flares, was observed by measuring the minimum fre-
quency (fmin) on which radio reflections could be obtained from the E or
F layers of the Ionosphere. A very rough estimate of the increase in
electron density in the absorbing layer has been made by computing the
ratio

(f4. f )/(f+f2
(] f)2(ff2 fL) B/Bo .

I L/ 2 t L BB

where f gyrofrequency round the vertical component ,'f the
geomagnetic field,

f, = f on 23 February 1956i,

f = f on control days (Wean).
2 min

The resulting values of B/B0 are shown in 11g.. 1(b) in wttcb a sudden
increase has been assumed to coincide with the magnetic crochet, At
04 UT no reflection was received even from the F2 layer and, in eonse-
quence, only a lower limit can be given for B/0 0 .

Measurements of the intensity of atmosp•eric radio notise in the
h. f. band reflected the increased absorption in the lonosphere. -At marked
fall in intensity (1T dB) was found at 04 UT on a frequency of 15 Me/s; the
tall was not so great on1 0 Mc/s (6 dB) and 20 Me/! (4 0B), and was
negligible on 2.5& sil 6.0 Mc/s. No intensity measurement& were made
at 05 but at 06 UT the level was norma.l
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Inverness (Lat. 570 27'N, Long. 040 15'W)
The small, but abrupt, increase in B/BO between 03 and 04 UT is

probably significant, but the most pronounced increase occurred after
sunrise, and this was followed by a return to normal after sunset.

Slough (Lat. 510 31'N, Long. 000 34'W)
Except for the slightly higher level of B/Bo at 09 and 10 UT, no

abnormal ionospheric effects were observed.

Tentative Conclusions
(i) The magnetic crochet at Singapore and the intense and prolonged

ionospheric absorption are characteristic of an important solar flare.
(ii) It seems possible that the small increase in B/B 0 at Inverness

between 03 and 04 UT may be associated with the very large increase in
cosmic-ray intensity which was reported to have occurred at 0345 UT.

(iii) It is very unlikely that the high values of B at Inverness during
daylight were due to continued emission nf wave radiation from the flare
for two reasons: (a) the level of V/BO is much higher than the simultane-
ous value at Singapore wvhere the measurements indicate that the flare has
subsided to a low level by about 09 UT, (b) the difference in the level of
B/B0 at Inverness end Slough suggests that the effect at Inverness was
in some way due to high-speed-particle bombardment rather than to wave
radiation. The iUmospheric and magnetic disturbances which began on
25 February can probably be attributed to the arrival of slow-speed
particles.

(iv) The slow fall in B at Slough from 09 UT onwards may possibly

h.'ve been due to the residual wave radiation from the flare, since the
curve fits on fairly smoothly to the Singapore curve. If so, this would
account for the slightly high values of B at 09 and 10 UT.
A

MINNIS, C. M. Ionospheric changes at 2ngapore during the solar eclipMe
of 20 June 1955. J. Atmos. Terrest. Phys. 10, 229-236 (1957).

Measurements were made, at vertical incidence, of the changes In
the i' osphere whiob accompanied the eclipse. It has been possible to
derive the distribution and intensuties of the solar sutrces of imisatlon
radiation responsible for the 9 layer during the eclipse. Although it
postulate the existence of a bright source In the sun's moathern hemisphere

having an tntensity equal to 21% of th• total radiation. This figure agrees
well with the Intentity (23%) derived from measurements made on the con-
trol days, of a source of radiation associated with an sative group of spots
which was In the South-west quadrant on 20 June.

No signifieant hange oocurred In the F2-layr critiual frequency during
the eclipse, but the temporary appearance of en Fl 1/2 layer, in addition
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to the usual permanent ledge in the F2 layer, indicates that the eclipse was
responsible for a rearrangement of the electron distribution in the lower
part of the F2 layer.
A

MINNIS, C. M. Ionospheric changes at Singapore during the solar eclipse
of 14 December 1955. J. Atmos. Terrest. Phys. U3, 346-350 (1959).

The E- and Fl-layer data obtained at pairs of stations during the
eclipses of 1952 and 1954 were consistent on each occasion with a single
model for the distribution of sources of ionizing radiation on the sun.
The results obtained at Singapore in December 1955 cannot be explained
in terms of any likely distribution. It seems possible that vertical move-
ments, and the consequent invalidity of the Chapman theory, may have been
responsible for this discrepancy. No significant change occurred in the
critical frequency of the F2-layer but there is evidence of a complex re-
distribution of ionization in the lower part of the F-layer.
A

MINNIS, C. M., and G. H. Bazzard. Some indices of solar activity based on
ionospheric and radio noise measurements. J. Atmos. Terrest.
Phys. 14, 213-228 (1959).

The critical frequencies of the E- and F2-layers of the ionosphere are
closely controlled by the level of solar activity but, at any fixed point on the
earth's surface, they also vary with season owing to the annual change in
the solar zenith angle. A critical frequency can only be used to provide an
index of solar activity if such seasonal variations can be eliminated or
reduced to very small proportions. Methods of achieving this are described
and monthly mean values of an E- and an F2-layer index are tabulated for
the period 1938-1957. The correlation of these indices with each other
and with the solar noise flux at Ai0.7 cm ti high. Some possible practical
applications of such indices are discussed briefly.
A

MINNIS, C. M., and G. H. Bazzard. The geographical distribution of ioniza-
tion in the F2-layer. J. Atmos. Terrest. Phys. 18, 181-183 (1960).

For any location the monthly mean F2-layer critical frequency, fF2,
can be expressed as a family of linear functions of an ionospheric index of
solar activity. The intercepts of these functions have been determined for
sixty-five locations at noon and form a reliable tool for investgating the
geographical distribution of fF2 at minimum solar activity. It has been
found that the equatorial trough In fF2 cannot be oonclusvely proved to
erlst in the western hemisphere at certaln times of the year.
A
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MINOHARA, T., and Y. Ito. Measurements of ionosphere heights and radio
observations in South Sea Islands during solar eclipse of February 14,
1934. J. Inst. Elec. Engrs. Japan. 54, 1030-1035 (1934). (In
Japanese with English abstract.)

Observations made by means of pulse method at Losap Island in South
Seas; results in curves.
El

MITRA, A. P. Tides in the ionosphere. Indian J. Phys. 24, 387-404
(Sept. 1950).

The paper presents in a connected form results of recent investigations,
both theoretical and experimental, on tidal effects in the ionosphere. An
account of the electromagnetic theory of tides, as developed by Martyn, is
given. Results of estimation of ionospheric tides by comparative study of
ionospheric data at Calcutta, Delhi and Chunking are also presented.
A

MITRA, A. P. Solar tides in the ionosphere over Calcutta. J. Atmos.
Terrest. Phys. 1, 286-295 (1951).

The ionospheric data for the F2-region over Calcutta for the period
January 1946 to January 1950 are analysed with a view to determine the
amplitude and phase of solar tidal drifts (both semi-diurnal and seasonal),
to explain the anomalous ionization changes of F2-region and to determine
the values of the recombination coefficient in summer and in winter.
Martyns mathematical analysis on ionospheric tides has been extended
for this purpose. It is found that: (I) The resultant drift velocity at
Calcutta is 12 km/ALr in both summer and winter, and 17 km/hr in the
equinoxes, being naximum downwards at 1630 in summer, at 1500 In the
equinoxes and at 1330 in winter; (Ii) the observed anomalous variations of
F2 Ionization, both In night and in day-time, are explained taking into
account the effects of both recombinatlon and tidal drifts; (lit) the calculated
values of the coefficient of recombinsUton are all of the order of 10-11 cm3/

A
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MITRA, A. P., and C. A. Shain. The measurement of ionospheric absorption
using observations of 18.3 Mc/s cosmic radio noise. J. Atmos.
Terrest. Phys. 4, 204-218 (1953).

A new technique permits measurement of the total attenuation suffered
by 18.3 Mc/s cosmic radio noise passing completely through the ionosphere.
It is shown that the total absorption may be divided into two components,
one due to absorption mainly in the D region and the other in the F2 region.
The observations of D regioi tbsorption confirm the diurnal and seasonal
variations observed by other workers. f2 absorption depends on the ofitical
frequency but not on the height of the region and there is evidence of in-
creased absorption at night which may be caused by irregularities in the
upper F region. The observational resmlt. a'e compared with those ob-
tained by other workeis and suggestions are made. for tle use of the method,
particularly in the exploration of the upper F2 region.
A

MITRA, A. P., and R. E. Jones. A theoretical and experimental study of the
recombination coefficient in the lower ionosphere. Trans. IRE AP-2.
99-102 (1954).

The problem cf recombination of electrons and ions in the lower iono-
sphere is studied both experime. tally and theoretically. The experimental
study involves analysis of new ( Verimeutal data such as 150-kc radio wave
absorption, polarization, and phase heights; absorption of short-wave galac-
tic radiation; and E-region critical frequency, as well as recombination
values already published. Then, by use of the theories of dissociative re-
combination and negative ions, a theoretical model is derived which is
consistent with the experimental results. The values of the coefficient
during night-time and during suciden ionospheric disturbances are discussed.
A

MITRA, A. P. A method of determining the relative amounts of D- aud E-region
absorptions of medium and short radio waves. Indian J. Phys. 29,
518-521 (1955).

A new method it developed by which the relative amounts of D and E-
region absorptions in any medium and short wave observation may be
determined purely un physical basis. The method utilizes the concept
of 'relaxaticn time' in ionospheric levels and rests on the fact that the
'relaxation time' at the D-reglon levels Is appreciably different from that
at the E-reglon levels.
A
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MITRA, A. P. Ionospheric Disturbances at low latitudes, J. Sci. Indus.
Res. A 17, 37 (Dec. 1958).

A large number of studies have been carried out on the ionospheric
changes associated with magnetic disturbances. These studies, however,
refer mostly to high and middle latitudes. For low latitudes, the studies
have not been quite so comprehensive.

India has for some time been running a number of ionospheric stations
in the geographical zone ?8 35'N to 8° 25'N latiides and with magnetic dips
ranging from 42. 440 N to 00. They, therefore, offer great scope for the
examination of characteristics of the ionospheric storms at low latitudes.

In this paper are presented a few of the results of such analysis.
Excerpt

MITRA, A. P., and K. A. Sarada. Determination of the electron content of
the outer ionosphere from measurements of cosmic radio noise absorp-
tion. J. Atmos. Terrest. Phys. 7,, 348-357 (1961).

Simultaneous use of ionograms and observations of cosmic radio noise
taken at New Delhi have yielded approximate vaues of the electron content
of the outer ionosphere.
JPL

MITRA, A. P., and V. C. Jain. Interpretation of the observed zenith-angle
dependence of ionospheric absorption. J. Geophys. Res. 68, 2367-2373
(1963).

It It shown that the zenith-angle dependence of ionospheric absorption
is profoundly affected by the nature of the height variation of the recombina-
tion coefficient in the lower ionosphere. Computations for some assumed
distributions of the recombination coefficient are given.
A

MITRA, A. P., B. C. Narasinga Rao, and K. K. Mahajan. Anew method for
estimating loss and drift terms In the ionospLeric F region. J. Atmos.
Terrest. Phys. 26, 526-533 (19t4).

In the F-region of the ionosphere, which has long been known to behave
very differently from that predicted by the simple Chapman theory, the
predominant perturbing forces, apart from the familiar prodAotioa and
loss processes, are the electro4yn"aids drifts, first postulated by MartNy
(1947), and the ambi-polar diffution of ions and ele•ctrs (Ferraro, 1945).
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The resulting continuity equation is:

dN 2 d 3 dI. I NA..
q - ON (NV) D sin2  +--2Hdh 2H+J

where N is the electron density, q the rate of electron production, 1 the
coefficient of "attachment" signifying the overall loss process, V the
vertical ionic drift, D the coefficient of diffusion and I the magnetic dip.
A major problem in ionospheric physics is to estimate the magnitudes of
j and V as functions of height. While such attempts have been made in the
past, it has been the general practice, in deducing one parameter, to make
some important assumptions about the others. Thus, In the determination
of 0, the drift and diffusion terms have either been assumed or ignored
(Ratcliffe et al., 1956), and in the determination of V, the magnitude and
variation of the loss coefficient has likewise been assumed with or without
consideration of diffusion effects (Chandra et al., 1960; Garriot and
Thc,;-9, 1962).

It is the purpose of this note to preseni a new method by winch the
different terms are separated with the least amount of assumption, and
leads to realistic estimates of 1 and V. The data to be used are the
true height profiles of electron density for a station near the magnetic
equator (e. g. Huancayo) and a station away from it (e. g. Delhi).
A

MITRA, R. K., and M. K. Desgupta. NE occurrences in relation to solar
activity. J. Atmos. Terrest. Phys. 25, 415-427 (Aug. 1963).

Percentage occurrence data of midday Es (percentage of times
fE5 > 5 Mc/s) for thirty-three stations in different regions of the globe
were examined in relation to the solar activity for the period 1953-1959.
The results obtained from statistical analysis can be summarized as

follows: (i) for twenty-three stations the percentae occurrences of Es
were much grester in the sunspot maximum year than those of the minimum
year and In general, these were positively correlated with sunspot activity,
(ii) for three stations the reverse was the case and the correlation between
the two phenomena was found to be negative and (ti) for the remaining
seven stations percentage occurrenoes of Es did not show any marked
preference to either the minimum or the maximum year of sunspot activity
and In general, for these stations, the nature of the correlation was*nt
clearly discernible. These stations were desinated as A-, B-, and C-
type stations respectively. It was also observed that three distinct Es
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zones;-auroral, temperate and equatorial existed having the following
characteristic features: (a) Es occurrences In majority of the temperate
zone stations, irrespective of any longitudinal zone and also those in most
of the auroral stations in the east intermediate longitudinal zone show def-
inite positive correlation with solar activity, (b) for auroral stations In
both the west and west intermediate longitudinal zone, the correlation Is
(I) negative for stations in maximum auroral frequency belt and (ii) either
positive or not clearly discernible for stations outside this belt and (c) for
equatorial stations the correlation is negative. It was observed that in
general a well defined parabolic relation existed between the two phenomena.
The high sunspot activity of the present solar cycle seems to be responsible
for this nonlinear relation as also for the well defined correlations observed
for the majority of the stations.
A

MITRA, S. K. , and H. Rakahit. On a study of the uppr ion~ized atmosphere
in Bengal by wireless echoes of short delay Phil. Meag. 15, 20-32
(1933).

Used group retardation method at fixed frequmenes. Obtained multiple
reflections. Found intensity of first echo always increased as receiver
removed from transmitter by 3 or 4 km. Also number of multiples Increased
with distance. Find multiples in wrong relative magnitudes. Say hard to
explain, but think perhaps due to different reflectivity of different parts of
layer.
M

NWTR, S. K. ionospheric studies in India. Nature 137p 503-504 (1936).

A review Is given of the results of ionospheric observations carried
out at various stations In lbdia since 1930. Measurements of the equiva-
lent helot of the.lower R-region gave an average value of 90km. , which
is about 10% less than the value found In England by the same method.
Direct meauremment of the Ionization density by Appetan's method showed
that during the summer solstice (1933) the R-ionizaaton density at middaly
was more than 5 X 105 equivalaut elecftons, as compared with the corre-
spondig average value in England of 1.6a X 105. At mtdd*gb the 2-ionization
density was less than 2 X 105 for the greater padt of the, year and the F-
densty also leas than 2 X 105 in April. May and Jim. The maximum value
of the F-density was found to br more than 1. 5 )C106$ which is much greater
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than the value obtained in higher latitudes. Thunderstorms were found
to increase abnormally the E-region ionization.
PA

MITRA, S. K. , J. N. Bhar, and S. P. Ghosh. The lower ionosphere.
Indian J. Phys. 12, 455-465 (193

It is now recognized that layers of ionization maxima capable of
reflecting radio waves, not unlike those existing in the upper ionosphere,
are also formed in the middle and the lower atmosphere. The mode of
reflection of radio waves in these dense regions of the atmosphere must
be different from that in the upper E and F ionospheric regions where the
collisional frequency is small compared with the exploring wave frequency
and the refractive index has a value less than unity. In )rdeý: to investigate
the mode of reflection from these lower ionized regions, curves have been
drawn depicting the variations of p (refractive index) and o (absorption co-
efficient) with N (electron density) fnr various values of v (collisional fre-
quency) appropriate for the dense middle atmospheric regions. It is found
that near certain values of N depending on the value of the collisional fre-
quency, p increases rapidly with increasing N. If for an ionized layer
in the middle or the lower atmosphere N has a value correspondong to any of
these, then near its lower boundary N will increase with height and may
produce large variation of # within distances small compared with the
exploring wave-length (measured in vacuum). Such regions of rapidly
varying # will be able to cause reflection of radio waves. Probable
reflection coefficients of such region are calculated with the help of the
dispersion and the absorption curves using the expression of reflection
coefficient for metallic surfaces. Cases considered are t, = 108, 109
and 1010 per second for wave frequency 4 Mc/sec. Calculations show that
for the above values of v the corresponding values of N near which i
rapidly chaiges are 106"5. 107.5 and 108. per c.c.

Possible modes of formation of the ionized regions are also considered
by applying Pannekok's method to the cases of the first ionization potentials
of 02 (12.2 e. v. ) and N2 (15.5 e. v. ). It is found that the height of the iomi-
zation maximum for N2 agrees with the height of the E2 layer (140 km.).
Similar calculation for 02 yie-Is an ionization maximum the height of
which corresponds to the D layer (55 km.). Lack of kowledge of tbe
ionization potentials of 0I prevents culoulatlon for the Ionization maximum
which may possibly be produced at lower heights corresponding to the C2
layer (30 km.).
A
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MITRA, S. K. Geomag'nedc contrel of the F2 region of the ion oere. Nature
158, 668-669 (1.4461.

In a recent communication in Nature, Sir Edward Appleton has brought
forward unmistakable evidence of geomagnetic control of the distribution
of ionization in the F2 layer. In particular, he has shown from an
examination of the world data that, "for noon equinox conditions, there is
a belt of low values of fF2 circling the earth and centered roughly on the
magnetic equator". The geomagnetic control raises the Important
question of the nature of the source of the control. Since magnetic disturb-
ances and auroras are also subject to similar control, one can envisage,
in common with the probable origins of these geophysical phenomena, two
possible sources:

(1) It may be imagined that part at least of the F2 Ionization is pro-
duced by bombardment of the upper atmosphere by charged particles (after
the Birkeland-Stormer hypothesis of auroras and magnetic disturbances).
Further, since the points of precipitation of these particles are controlled
by the terrestrial magnetic field, the geomagnetic control of F2 layer
ionization Is understood. This, however, raises the old difficulty of the
speeds of such particles; in order to reach low latitudes they must posses.-
velocities approaching that of light. Such energetic particles are too
penetrating to ionize atmospheric gases in the F2 region.

(2) The above difficulty is avoided if one makes the plausible
assumption that the charged particles are of terrestrial origin (after the
ultra-violet light theory of auroras and magnetic storms). In the region
high above the F2 layer where the fringe of the atmosphere might be supposed
to begin, the collisional frequency is very small and the electrons mad lIos
produced by solar ultra-violet rays have very long free paths. They are
thu: 'rec to spiral round the magnetic lines of force and, at the same time,
are roughly guided along them, because, when formed by photon absorption,
they will in general have velocity components along the lines of force.
Now, at the magnetic equator the lines of force rise higest and slops north
and south. The ions and electrons formed in the hig atmosphere In the
belt along the magnetic equator are therefore guided north end south and.
when they come dorn to the lower levels, contribute to the loslastlo
density of Region F2 . The densities on either side of the magnetic equator
are thus increased by this 'distilling' process which operates t•o"rs
the daylight hours.

It should be mentioned at this point that the Iultraolet USht theory'
fails to explain the auroral phenomena, because, as was pointed out by
Chapman, the lines of force which enter the terrestrial atmosphere mar
the auroral belt rise to 30,000-40,000 km. at the magneti equator. At
such heights, there being no atmosph , the mecessM chagud paricles
cannot be formed. But, as Is shm Wow. tbe t1wor m can be *apied to
explan the observed pomapetic control of the Fl reglim.
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From Fig. 2 of Appleton's note, it is seen that the peaks on either
sides of the magnetic equator lie in the region of magnetic dip value of about
280. The geomagnetic lines of force which enter the earth's atmosphere
in this region (dip value 19 -34o) at 400 km. level risc to heights of 600-
1,200 km. over the magnetic equator. It therefore follows that if, (1) there
are atmospheric particles in sufficient numbers at sdch heights, and (2)
these particles are ionized by solar ultra-violet rays, then the ions and
electrons so formed will be guided to the regions of the observed peaks of
Appleton's curve. Now, direct evidence on these two points is furnished
by the sunlit auroras. The fact that these auroras are observed at heights
of 600-1,100 km. is evidence that there are sufficient atmospheric parti-
cles at such heights. The proof of ionization by solar radiation is furnished
by their spectrum, in which the first negative bands, due to N2 +, are
greatly enhanced.

in the illustrative example, the 400-km. level has been taken as the
level of ontry of charged particles into the atmosphere. This is because
at about this level the collisional frequency begins to be sufficiently high
to prevent the particles. from freely following the magnetic lines of force.
Assuming the atmospheric density in Region F (250-km.) level to be 010/
c. c., the collisional fi-iquenry of electrons 10 3/sec. and a rising tempera-
ture of 4 K. /1m. above (all as indicated by radio observations), the densities
at the 400-km. and the 600-km. lovels are found to be of the orders of
3 X 108 and 2)( X107/c. . and the collisional frequencies 30 and 2 per sec.
respectively. For a temperattre of 2, 000 K. the mean velocities are
3 ) 107 cr. /see. for an electron and 1, 3 X 105 cm. /see. for an ion. The
radius of gyration at the 600-km. level is 7 cm. for an electron and 1. 6 )(

c103 m. for an ion.
It is to be noted that in the high atmosphere where collisions are few

and far between, the lengths of the free paths, as first pointed out by Jones,
are strongly dependent on their directions. In an upward direction this
length may be many Utes that In a downward direction.

In conclusion, attention may be directed to the fact that, accordig -to
observations of, Rayleight and Speoer Jones. the seasonal variations of the
Intwesity c night sky radiation are related to pomagnetic latitude. Wnoe,
as, I have shoni, the noftral Region F is to be idntlfted with the lumines-
cent layr of the Moiht sky, the eomagmnetic conýIro of the Intensity:of night
s-y ra*AU= i4n also be undrstood.
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MITRA, & N. Statistical analysis of fading of a single downcoming wave from
the ionosphere. Proc. Inst. Elec. Engrs. 96, Pt. MI 505-507 (1949).

The fading ,A a single magneto-ionic component of a radio wave of
frequency 2-6 Mc/s reflected from the ionosphere at vertical incidence
has been recorded at two receiving points separated by about 100 m. On
several occasions it has been deduced from the records that the fading is
not due to the regular drift of a constant ground-distribution of c. m. f. past
the observing point, but that it corresponds to a ground distribution which
is varying irregularly at all points. Records obtained under these circum-
stances have been analysed on the assumption that the fading is caused by
the random movement of irregularities in the ionosphere according to the
theory suggested by Ratcliffe.

The results •gree, to a first orde r, with the assumption that in the
ionspheric reflecting region there are irregularities moviag with velocities
in the line of sight which are distributed In a Gaussian manner with r. m. s.
value of approximately 2 to 3 m/sec. There is, however, a significant
discrepancy between the records and the results of the simple theory, and
possible ionospheric causes for this discrepancy are discussed.

There is some experimental evidence to suggest that the irregularities
responsible for the fading are situated below the point where waves of
frequbncy 4 Mc/s are reflected from region E.
A

MITRA, S. N., and J. M. Roy. A modified Hammarlund aiper-Pro Communi-
cation receiver for pulse measurements of the ionosphere. Electro-
technics, No. 23, 56-64 (1951).

The paper deals with the modifications at have been introduced In a
Hammarlund SOper-Pro Communication receiver to suit pulse measure-
ments of the ionosphere. The criteria for a good ionospheric receiver
have been first discussed. The usual limitations in a commercial receiver
are their small bandwidth and low overall gain. For detect!ng pulses of
small duratin of the order of T0 psec, one requires a minimum 'Nmd-
width of 30 ko/s In the receiver, otherwise the shape of the detected pulse
gets distorted. Moreover, the existence of shorttime-ccnstants aywbere
in the circuit cntrilýs to the distortion of the shape of the detected
pulse. These factors have been fully taken care of In the modified receiver.
It Is, however, nown that the receiver noise Increses with the increase
of the bandwidth. A compromise has therefore been achieved between the
minimum noise that may be allowed and the maximum bandwidth necessary
for a pulse to be detected undistorted in shape. The re&im in the noise
has bee achieved Uy Increasing the galn in the high frequency stages and
reducing the gain In the mixer stap. A banhdwt of 30 ho/s has been
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achieved by overcoupling the I. f. transformers and then damping them by
suitable resistors. A video amplifier has been provided in place of the
audio frequency stages since the a. f. transformers rather restrict the
bandwidth. The output of the receiver has been taken from a cathode
follower stage which presents low output impedance for matching facilities.
Individual stages have been fully described and a photograph of the pulses
received by this receiver has been attached.

MITRA, S. N. Partial solar eclipse of 25 February 1952 and its effect on the
ionosphere. J. Sci. Indus. Res. (New Delhi) 12A, 319-328 (1953).

Says all India Radio observed eclipse at Delhi, Bombay, Madras,
Tiruchirapalli, ,,mrd Nagpur. Used vertical-incidence ionospheric measure-
ments at first 4 stations, field-strength observations at Delhi and Nagpur,
noise studies at Delhi, fading observations at Delhi on backscatter signals,
observations of pulse signals from Slough, and in addition photographed
solar disc. Results in curves. Magnetic disturbance occurred near
eclipse day and eclipse was partial. Attributes dip in foF2 at 1330 hr to
corpuscular effects. Found no effect on E layer; attributes to irregular
distribution of ionizing radiation over solar disc.
M

MITRA, S. N. Self-gyrointeraction. IN: The Physics of the Ionosphere,
71-73 (The Physical Society, London, 1955).

The phenomenon of self-gyrointeraction implies that when a sender
is working near gyrofrequency, the received percentage modulation at a
distant point on this transmission is markedly less than the percentage
modulation Impressed on the carrier at the sending end. Attempts have
been made by workers in other countries to detect such lowering of
percentage modulation on gyrofrequency emissions but, except in Italy,
these experiments have met with little success.

An experiment has been conducted in All India Radio in February
1954 utilizing its network of medium wave broadcast trasmitters to find out
the effect of self-gyrointeracticn. Fifteen senders covering the frequency
range of 590 to 1490 kc/s were made to radiate 1000 c/s tone, the percentaep
modulation ,IO'jp kept fixed at 60. Thpercentage modulation of the re-
ceiled sipnat of all the senders was measured at Delhi. The curve of re-
ceived percentag modulation aginst wave frequency shows a significant
dip at 1020 ko/s where the modulation was as low as 48%. The profrequenY
at the E layer is, therefore, 1.02 Me/s which yields the value of H at the
2 layer as 0.36 gauss, the value of the magnetic field at the ground level
being 0.474 pauss.
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MITRA, S. N., and R. B. L. Srivastava. Analysis of sky-wave field intensity.
Part I. Indian J. Phys. 29, 167-178 (1955).

The paper presents a statistical analysis of field intensity of the
internal short wave stations of All India Radio over the period of a complete
solar cycle (1942-52). The yearly, seasonal and monthly variations of the
field intensity and their correlation with sunspot numbers have been shown
in a series of graphs. An interesting feature of the analysis is that the
night-time field intensity has been found to be correlated with solar activity.
This is rather inexplicable since no ionospheric absorption is usually
assumed for the night-time propagation.
A

MITRA, S. N. lagneto-ionic triple splitting over Delhi. J. Inst. Telecom.
Engrs. 1, 124-129 (1955).

Presents some observations of the rare occurrence of triple magneto-
ionic splitting over Delhi. The various possible causes for the occurrence
of this phenomenon at the low geomagnetic latitude of Delhi have been dis-
cussed. It has been indicated that the triple splitting is likely to be caused
by the longitudinal propagation of the ordinary ray associated with an in-
crease in the collisional frequency of the ionospheric layers.
EEA

MITRA, S. N., and R. B. L. Srivastava. Fading and random motion of
ionospheric irregularities. Indian J. Phys. 31, 20-42 (1957).

Describe statistical analysis of fading of I-Mo/s transmission. Find
rms line-of-sight velocity of random motions of ionospheric Irregularities
4 to 25 w/s. Discuss amplitude distribution for random motion, and for
random signals with steady component. Show how to calculate proportion
of steady signal from Gaussian amplitude distribution.
M

MITRA, S. N. , and S. C. Mnumdar. Some measurements of ionospheric
sjbsorvon at Delhi. J. Atmos. Terrest. Phys. 10j 32-43 (1957).

The results of some measurement of ionospheric absorption taken
at Delhi during Am. 1954 to Deember 1955 are described. The measure-
meats ere carried out on 6 and a. MOA/s. A brief descriptka of the
experimenta seup is Inluded in the paper.

The mwaky of data shows that the diurnal varatuo of absorption
gives Ilto DI.(coa t)O 62. The value of N has bown Indiatd from the
observed value of the "relaxation time." The aborption at night bas been
observed to be com ad ralwe at our latitude. It has been posuated frvom
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the low value of the exponent in the diurnal variation factor, the magnitude
of the relaxation time, and from direct measurements of absorption on Es
and F echoes, that the main absorption is probably taking place in the
D region.
A

MITRA, S. N. Geomagnetic field and ionospheric drift. J. Inst. Telecom.
Engrs. 6, 90-96 (1960).

In-estigation of ionospheric drift by the well-known spaced receiver
technique utilizing fading on pulsed transmission is in progress at the
Research Department of All India Radio since January 1958 and forms a
part of its programme of International Geophysical Year. There is some
uncertainty as to the origin of this drift system at ionospheric heights.
If the drifts were due to the effect of solar and lunar gravitational tides
upon a uniformly rotating sphere, one would expect the drift vector to
exhibit a predominant semi-diurnal periodicity. Experimental observa-
tion indicates that this is not always the case. In fact there is hardly any
regular behaviour in diurnal variation of the phase of the drift system.
One would, therefore, like to enquire whether earths magnetic field
exercises any influence on the drift system and is responsible for irregular
variation of its phase. It is likely that such an influence should exist aa
the ionosphere consists of charged particles. We have correlated the
magnetic K index (Alibag figures) with the magnitude of the drift velocity
with a view to finding out any interdependence. The analysis shows that
so far as the magnitude of the drift velocity is concerned, it is fairly
independent of the variation in the values of K; in fact large magnetic
storms have failed to produce any significant change in the magnitude of
the drift velocity. The variation of east-wes, and north-south components
of the drift velocity during a 'quiet' day does not indicate any correlation
with K;but on 'disturbed' days, the northward velocity of the north-south
component increases in synchronism with increase in IL

MITRA, S. N., K. K. Vi), and P. Dasgupta. Horizontal dtft in the ionosphere
over Delhi. J. Atmos. Terrest. Phys. 19, 172-183 (1960).

Some results obtained at Delhi on the measurement of ionospheric
drift by spaced receiver technique are described. Most probable velocities
of reflections from the F- and E-Ia'ers for different semons are indicated
by histograms. The diurnal variations of the magnitAde and direction of
the drift velocity have been plotted graphically. Harmonic analyses of the
east-west and north-south components of the drift velocity have been worked
out. 14o predominant periodicity is any of the components was observed.
It is interesting to note that the most probable direction of the drift velocity
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is towards the south, and the northward component is almost completely
inhibited. During magnetic storms, however, the northward component
increases and its variation appears to be well correlated with the variation
of the "K"t index.
A

MIYA, K., T. Sasaki, and M. I. Shikawa. Observation of F-layer and sporadic-
E scatter at V. H. F. in the Far East. J. Res. NBS 65D, 92-99 (1961).

This paper describes properties of sporadic-E scatter and F-layer
scatter observed over the Oidnawa-to-Tokyo path (1480 kin) and the
Philippines-to-Tokyo path (2850 kin), operating at frequencies of about
50 Mc/s. Sporadic-E scatter is often observed on the Okinawa signal
in the evening hours and has the closest correlation (0.94 in correlation
ratio) with the occurrence of sporadic-E charautcrized by the descriptive
symbol M of all ionospheric factors. Bearing of the Es scatter shows a
regular diurnal variation similar to that of the normal E-layer scatter,
F-layer scatter generally appears on the Philippine signal in autumn when
the F-layer at the path midpoint displays an anomaly denoted by the
symbol R or S having a top frequency of higher than 14 Mc/s. A pulse
test exhibited a pattern of multipath signals extending over more than 1
msec. Bearing of the F-layer scatter, an evening phenomenon, gradually
deviates westwards from the great-circle path with the lapse of time.
A

MORGAN, M. G., and W. C. Johnson. The observed polarization of high-
frequency sky-wave signals at vertical incidence_. IN: Physics of
the Ionosphere, 74-77 (The Physical Society, London, 1955).

]h vertical incidence pulse observations made at Hanover, New
Hampshire (geogrphic 43.7rN, 72.rW, geomagnetic 55. rN, 1.6W)
since December 1952, from 2.8 Mo/s up to f0F2 (and from 1.6 Mo/i
since September 1953), during the post suinrise morning hours, certain
notable departures from the straightforward polariataon predictions of
classical magneto-lonio theory have boen found ocnsistmtly.
Excerpt
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MULDREW, D. B. Radio propagation along magnetic field-aligned sheets of
ionization observed by the Alouette topside sounder. J. Geophys.
Res. 68, 5355-5370 (1963).

Some of the traces obtained from the topside sounder lonograms re-
corded at low latitudes are identified as being caused by propagation along
magnetic field-aligned sheets of ionization. The electron-,density distri-
bution along the magnetic field line passing through the satellite obtained
from one such trace is compared with the vertical electron-density
distribution obtained from the regular topside F-layer traces. Close
agreement of these two is obtained, indicating not only that propagation
occurs along field-aligned sheets of ionization but also that radio waves
propagated along the field lines are reflected very near the vertical-
incidence reflection level. A study of traces resulting from propagation
along field-aligned sheets of ionization reveals that the electron-density
gradient perpendicular to the magnetic field of one particular sheet was
approximately 4 times greater than that in the regular ionosphere. The
half-thickness of this sheet was approximately 0.6 kIn, and the maximum
electron density in the sheet was estimated to have been 1 percent above
the background ionization. Radio energy that propagates at oblique incidence
can become trapped by a field-aligned sheet of ionization. Thus a combina-
tion of obliquely incident propagation followed by propagation along field-
aligned sheets of ionization can occur. The energy propagates along the
sheet until it is reflected and then returns to the satellite along almost
the same path. Improvements to an existing explanation of spread F at
equatorial latitudes are suggested on the basis of this type of propagation.
Radio propagation along a model field-aligned sheet of ionization is in-
vestigated by ray-tracing techniques. A ray travels back and forth across
a field line, the distance decreasing between consecutive crossings until
the ray beomes reflected. In a particular case investigatecd the ray was
reflected 1.5 km above the vertically incident reflection leve'.
A
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MUNRO, G. H. Travelling disturbances in the ionosphere. Proc. Roy.
Soc. A 202, 208-223 (1950).

Methods have been developed for the examination of the horizontal
and vertical movements of short-period disturbances in the ionosphere.

It has been found that quasi-periodic travelling disturbances with
periods of from 10 to 60 min. are of frequent occurrence in the F region
by day. They appear as temporary variations in the vertical distribution
of ionization which show a horizontal progression and a vertical progression
downwards.

The horizontal directions of travel have a well-defined mean direction
on most days. The mean direction shows a marked seasonal variation with
a stdden change at each equinox.

The horizontal rate of travel is usually between 5 and 10 km. /min., and
the rate of vertical progression dowLvards is approximately half the hori-
zontal rate.

The disturbances are considered to be variations of a compressional
type in the atmosphere resulting In changes in the distribution of ionization.
A

MUNRO, G. H., and L. H. Heisler. Cusp type anomalies in variable fre-
quency ionospheric records. Austral. J. Phys. 9, 343-358 (1W,6).

Anomalous cusps which frequently appear at the high frequency end of
ionosonde records of the F2 region are explained as the result of modifica-
tion of the ion distribution during the passage of typical travelling disturb-
ances. They indicate the presence, not of vertical stratification but of
horizontal gradients of ionization causing oblique reflection. It is suggested
that other anomalous cusps are of similar origin.

Anomalies on records of the FI region are also shown to be caused by
travelling disturbances.

At is demonstrated that these explanations provide useful guidance in
the interpretation of lonospherlo records and facilitate the further stu*
of travelling disturbances.
A

MUNRO, 0. H. Travell. disturbnces in the !iomcere: 2iSM In diurnal
"varation Nature 180,12-1253 (1937).

la an earier oomutmicatolo it was reported that t direction of hort-
zotal movement of travellng Ionospheric 2lsturbaes observed At Wdwy

/ Austral, had a conistent dunal variation datng winter mmnths in the
years 19W5-2; but no stpiftoant diurnal variation was then apparmnt in the
summer. These conditloms cotinued until 195; but fn the sumier of 109W-
56 a definite chang ppear whih was even mowe mrked In 1956-5,
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the main feature being a marked change of direction from the south-east
to the south-west quadrant about midday. The contrast is clearly evident in
Fig. 1, which shows the mean diurnal variation in January for the years
1951-54 as compared with the variation for January 1957. The consistency
of the results of 1951-54 is shown by the dotted lines, which indicate maxi-
mum deviation from the mean. It will be noted that the change from south-
east to south-west quadrant in 1957 is quite sudden. This sequence is also
found on a number of individual days, though not on all days. There was
no significant change in mean speed over this time Interval.

Examination of past records starting from the sumnmer of 1949-50
shows that there was a tendency for a similar sequence to occur on occa-
sional days in that year but not sufficiently often to affect the mean curve
for the month. This tendency, however, decreased in succeeding years to
a minimum in 1953-55. It then increased noticeable in 1955-56 and mark-
edly in 1956-57.

It seems likely that these changes are associated with the sunspot
cycle, which showed minimum activity in 1954, and which had already
reached a record high value in the (southern) summer of 1956-57.

The a.-Aistance of the staff of the Sydney Section in collecting and pro-
ceasing these observations is gratefully acknowledged.
Excerpt

MURTY, T. V. S. Design and development of a simple ionospheric equipment.
J. Set. Indus. Res. 15A, 70-74 (1956).

A compact and simple manually operated medium power ionospheric
sounding transmitter and receiver was constrwted in the Banaras Univ.
laboratories. The design andoircuits, records and sensitivity and seled-
tivity curves are illustrated. A cathode-ray oswillograph Is used for re-
producing the pulses. Scattering of radio waves can be studied by means
of the pulses.
N
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MURTY, Y. S. N. , and S. R. Khastgir. Polarization parameters of the
downcoming radio wave. J. Geophys. Res. U5, 1449-1457 (1960).

The phase difference between the normal and the abnormal components
of the magnetic vector of the radio wave 'i. e., the components in and at
right angles to the plane containing the wave normal and the direction of
the earth's magnetic field) and the limits of the tilt angle of the major
axis of the polarization ellipse (traced out by the electric vector)
measured anticlockwise with respect to the direction of the magnetic
north for the ordinary and the extraordinary modes of propagation have
been obtained on the ray theory of propagation through the ionosphere.
The values are given in a table for the ordinary and the extraordinary
modes in both the hemispheres for regions below and above the level of
ionospheric reflection.

Scott's treatment of the same problem on the ray theory and the
results given by Roy and Verma on the basis of the coupled wave equa-
tions of Saha and others are reviewed. It Is shown that the discrepancies
in the results of the polarization parameters obtained by different workers
on ray theory are only apparent and arise out of the differeuces in the
forms and notations used in the different formulas. It is also shown that
the discrepancies in the limits of the major axis of the polarization ellipse
obtained from the ray theory and the wave theory are due to the inter-
change in the expressions for the amplitude ratio of the normal to the
abnormal components for the ordinary and the extraordinary waves given
by Saha and others. The experimental results of Roy and Verma are
shown to confirm our theoretical conclusions about the limits of the tilt
angle of the polarization ellipse.
A

MURTY, Y. 8. N. , and S. R. Khastgr. Polarization curves for vertical
propagation of radio waves In the I onoere. J. SaL Indus. Res.

9 281-284 (Augt 1980).

The curves giving the polarization angle 0 and tho tilt angle o of the
polarizatio ellipse for vertical sounding of the ionosphere with 100 m
radio waves w, re drawn for the condition of the mapetio field In the
ionosphere above Banaras (latituide 250 18'25"N: longItude SrO'46"E,
dip angle 3' 261'N; and H 0. 486 gass). Three separate curves were
drawn, one for each of the values of the electron colldsional frequency,
v - 0,V -i vC/ and v- Se (wherevoe istheotal ollial
frequmy) with Increasing values of the electron denhl which maiN
the quntity 4f 2/lp2 vary from U to 2. whem 40el/mp - I IS the
condition of reflection of the waves of the aMnular frequency p. In draw-
Ing these curves, use was made of the analytical e obtained
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earlier by the authors from the Appleton-Hartree formulae giving the
ratio of the normal to the abnormal components of the magnetic vector
of the wave (I. e., components in and at right angles to the plane contain-
ing the wave-normal and the direction of the magnetic field) and the
phase-difference between them. The theoretical basis of the computation
is given and the sign convention for representing the polarization para-
meters a and 0 is outlined. The nature of the variations In the polariza-
tion parameters, computed for increasing values of electron density,
is discussed in detail.
PA

MURTY, Y. S. N., and S. R. Khastgir. The refractive Index and the
absorption index of the ionosphere. J. Atmos. Terrest. Phys. 25,
103-105 (Feb 1963).

Analytical expressions are derived from the magneto-ionic theory
for computing the refractive index and absorption Index for a radio wave
propagating through the ionosphere for various values of electron density.
collisional frequency and wave frequency. These expressions supplement
those previously derived by the authors for the polarization parameters.
PA
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NAGATA, T., and T. Suzuki. The solar-flare type variation In gomadet-
field and the integrated electrical conductivity of the ionosphre.
II. Effect of F-layer. Rept. Ionosphere Res. Japan 4, 201-205
(1950).

Transient changes in geomagnetic field caused by the dynamo-action of a
conductive layer under the effect of mutual inductance of other concentric
layers are examined. The result shows that the multi-layers of the iono-
sphere can be replaced by a single layer, the integrated conductivity of
which is equal to the conductivity integrated vertically throughout the whole
conductive region. This conclusion confirms that the integrated electrical
conductivity of the whole ionosphere is around 5 x 10-8 e. m. u. or less.
PA

NAGATA, T. Char:.cteristlcs of the solar flare effect (8qa) on geomnagetic
field at Huancayo, Peru and at Kakloka, Japm. J. Geophys. Res. 57,
1-14 (1952).

The characteristics of solar flare type (a. f. ) variations of the peomagne-
tic field at Huancayo, Kakioka, and Watheroo are statistically examined.
The main indicators of these characteristics are the time from beginning of
a s.f. variation to its maximum deviation (T1 ), and the ratio of Its maximum
deviation to the range of daily variation at the corresponding time (AH/RH).
With respect to both quantities, the data of the three stations show nearly
the same values. The magnitude of the s.f. variations at Huuncayo Is ab-
normally large, but T 1 and AH/RH show normal values.

Assuming that the s.f. variation has an abrupt increase, the WW4p•,.ed
electrical conductivity of the ionosphere is estimated with the aid of a
theoretical calculation of transient dynamo-action. The result shows thA
the integrated conductivity of the Ionosphere amourts to 5 x 10-6 - 1 x 10-8
emu. over those three places.
A

NASMNTH. R. A subsmlm layer in the E e of the ! pre. J. Mm..
Terrest. Pys. 5, 73-82 (1954).

Reasons and methods of id-tification are given for the recogpim at
an Independent layer at 90-100 km height. I is sugested that the ionisatlom
in this layer results from the impact of meteors oan the Atmos re and that
it may therefore be 3uiled the meteoric E-lyer. The distintive properties
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may be used to extend the use of the ionosphere for intermediate distance
radio communication.
A

NAKAMUJRA, T. Latitude effect of the oxygen red line of night airglow and its
relation with the ionospheric F-layer. Rept. Ionosphere Sppce Res.
Japan 15, 245-252 (1961).

Photoelectric observations of the 6300A emission in night airglow were

carried out on board the Soya during her voyage between Tokyo and the
Antarctic, and it was found that the emission has very outstanding latitude
dependence. The intensity is not only strong in the equatorial zone, but
the daily variation also becomes bigger compared with that in the middle
latitudes. The intensity inversely correlates very well with the virtual
height of 'the F 2 layer, simultaneously observed on the Soya. It was shown
that the intensity is dependent on the density distribution of oxygen molecules
which generally been acknowledged as having a share in the reaction for
emitting the 6300A line with electrons.
EEA

NBS. Icnospheric data. CRPL-F127, National Bureau of Standards, Boulder,
Colo. (March 1955).

World wide sources of ionospheric data are listed; tables give hourly
data for Wash., D. C. and 49 other places; storms, STD s, radio propaga-
tion data, solar coronas, relative sunspot data, solar flares, etc. Also
presents data in graphic form for 50 stations throughout world, both ob-
served and predicted 5 months previously for comparative purposes. Date
of data varies from Feb. -Dec. 1953 for Macquarie Island to Feb. 1955 for
Wash., D. C.
N
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NDRC. HF sky-wave transmission over short or moderate distances using
half-wave horizontal or sloping antennas. Proj. C-79, National

Defense Reserve Committee, Washington, D. C. (July 1944).

Tests undertaken under NDRC Project C-79 have been directed toward

obtainL& quantitative data on the relative performance of various antenna

types for sky-wave use in the 2-8 mc range, and methods for adapting such

antennas for use with tactical radio sets. Some of this work was done in
a "semi-jungle" in Southern Florida, with the cooperation of Signal Corps

personnel; further studies and tests were made at the Bell Laboratories.

A

NELMS, G. L. Influence at magnetic storms upon the distribution of ionization

in the topside of the ionosphere. Telecommunications Establishment,
Deference Research Board, Ottawa (1946).

The topside sounder satellite, Alouette I, provides soundings at 100 km
intervals along an 80 degree orbit. A series of these soundings have been
reduced to electron density profiles, and from them, contours of electron
density drawn for the topside ionosphere along the 750 W meridian, from

80 0 N to 800 S latitude.
The diurnal variation of the electron density contours and the variations

of electron distribution during the geomagnetic storm of September 21, 1963,
are discussed. During this particular storm, the normal night-time re-
distribution of ionization in the equatorial anomaly was retarded, and the
daytinme ionization density at geomagnetic latitudes of 450 N (300 N geograph-
ic) was reduced.
A

NELSON, J. H. Circuit reliability, frequency utilization and forecasting in the
high frequency communication band. IN: Gassmann, G. J., ed. The
Effect of Disturbances of Solar Origin on Communications, Symposium
of the Ionospheric Research Committee, AGARD Avionics Panel, NATO,
Naples, Italy, 293-301 (Macmillan Co., New York, 1963).

This paper deals with high frequency propagation giving particular
emphasis on circuit reliability, seasonal characteristics, frequency utilization,
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short range and long range forecasting of signal qualities and frequency
requirements. All of these features are related to the maximum, minimum,
and intermediate ranges of the 11 year sunspot cycle. Particular attention
is given to circuits operating between New York and the Central European
area. Circuits working New York-Tangier and New York-Buenos Aires
are also treated.

The long range forecasting of some recent (1960) magnetic storms asso-
ciated with solar flares is treated with an explanation of the technique used
for such a manner of forecasting.
A

NICHOLSON, J. R. , and W. R. Steiger. On lunar semidiurnal tidal variations
in the F 2 layer of the ionosphere. J. Geophys. Res. 68, 3577-3580
(1963).

Observations of attenuation of cosmic radio noise, made at 18.3 Mc/s
during the period November 1958 to December 1960 at Makapuu Point, Oahu,
Hawaii, have been subjected to a statistical study, and the semidiurnal lunar
tidal variation has been isolated. The amplitude was found to be 0. 17 decibel,
the maximum occurring at 11. 6 lunar hours after lunar transit. It is argued
that the tidal variation observed is primarily associated with the F2 layer
of the ionosphere by citing previous studies of tidal variations in the E, Es,
Fl, and F 2 layers and comparing the phases of the variations found by other
workers with the phase isolated in this study. The phase found agrees with
that found for tidal variations in the critical frequency of the F 2 layer but
not with variations of critical frequency in the other layers. On the other
hand, it is argued that the D layer plays a minor role, owing to its absence
at night and predominant role of the F2 layer in determining the attenuation
of cosmic noise when the critical frequency exceeds 10 Mc/s.
A

NICOLET, M. Effects of the atmospheric scale height gradient on the varia-
tion of ionization and short wave absorption. J. Atmos. Terres t .
Phys. 1, 141-146 (1951).

A discussion of the effect of a variable atmospheric scale height is
given. A linear gradient of the scale height is used and it is found that
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special conditions for ionized layer formation are possible. Also, the
variation of the layer critical frequency with the altitude of the sun above the
horizon and of the short wave absorption are found to be affected by the
variation of the scale height. The scale height variation is involved in ex-
pressions for the absorption of the solar radiation and the electronic re.-
combination coefficient.
A

NIELSON, D. L., and B. H. Hagn. Frequency transformation techniques
applied to oblique-incidence ionograms. Research Memo. 13, SRI
Project 3670, Contract DA-36-039U- 87197, Stanford Research
Institute, Menlo Park, Calif. (Jan. 1964).

This report discusses the application of vertical-to-oblique-incidence
equivalent frequency transformations, developed several decades ago,
to the problem of deducing ionospheric information usually obtained from
vertical-incidence ionograms (e. g., maximum electron density in the
region of reflection) by scaling oblique-incidence ionograms. Thetrans-
formations of Newbern Smith and Appleton-Beynon are presented, with
examples of actual records illustrating the validity of the transformations.
Errors in the transformations are discussed. An effective ionosphere
curvature factor, k, similar to that associated with the Newbern Smith
transformation is measured for two paths. Overlays applicable to oblique-
incidence records are presented and discussed.
A

NISBET, J. S., and S. A. Bowhill. Electron densities in the F region of the
ionosphere from rocket measurements, Pt. 1. Methods of analysis.
J. Geophys. Res. 65, 3601-3607; Pt. 2. Results of analysis, 3609-
3614 (1960).

A method is described for analyzing dispersion records from long-
range missiles in terms of equivalent electron-density and electron-content
profiles above a fixed location. This method takes account of varying
horizontal gradients in electron density and the varying local zenith angle
of the ray as a function of range time and height in the ionosphere. Re-
fraction has been considered for both Faraday rotation and range-error
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measurements, and correction factors are included in the program. Com-

parisons made between Faraday rotation and raige error measurements

and between Faraday rotation measurements at two locations demonstrated

the validity of the reduction techniques. In Pt. 2, electron density distribu-

tions in the ionosphere derived from propagation measurements made during

seven long-range missile flights are given. These results are compared

with measurements derived from variable-frequency pulse soundings and

with satellite and rocket measurements described by others. The vertical

electron-density gradient was found to vary within quite a large range,

being lowest for two firings that took place shortly after sunset and greatest

for the one early-morning firing. The equilibrium electron-density variation

with height was found to be consistent with the assumption of a Chapman layer,

of varying scale height, based on a recent model of the neutral atmosphere
derived from satellite retardation measurements.
MGA

NISHIDA, A., and N. Fukushima. Three dimensional consideration for

current-system of geomagnetic variations (H) Sq-field. Rept. Iono-
sphere Space Res. Japan 13, 273-282 (1959).

The equivalent electric current-system for the geomagnetic Sq variation

is examined on the basis of a three-dimensional model, where the thickness
of the conducting region is taken into account. The conducting region is
assumed to be a spherical layer of the 70 km thick with homogeneous and
isotropic electrical conductivity, and the wind velocity independent of

height. The result shows that the poloidal electrical current and the asso-
ciated toroidal magnetic field appearing only in a three-dimensional treat-
ment are less than one-tenth in magnitude of the total current and field.
It is concluded therefore that two-dimensional calculation hitherto made
is approximately valid, so far as the vertical thickness of the conducting layer

is small compared with the horizontal extension of the current-bearing layer
of homogeneous conductivity.
MGA
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NORTON, R. B., and T. E. Van Zandt. The equatorial F region. Paper pre-
sented to Commission m URSI, Fall Meeting, Austin, Texas,
25 Oct. 1961.

Photolonization and recombination in the F region can be approximately
described by three processes: production of ion-electron pairs by the
photoionization of atomic oxygen, atom-ion exchange between these ions
and either molecular oxygen or molecular nitrogen, and finally dissociative
recombination of the resulting molecular ions with electrons. Other re-
combination processes have small rates compared with dissociative
recombination and can be ignored. Ionization of molecular nitrogen can be
ignored since the density of molecular nitrogen is probably small and the
molecular nitrogen ion recombines much more rapidly than the atomic
oxygen ion.

Then, where transport of charge is unimportant, the ion and electron
densities in the F2 region are governed by the three continuity equations
for the atomic oxygen ion, the molecular ion and the electron density, which
forms a system of three coupled differential equations..

This system of equations has been integrated in two ways: first,
aralytically by assuming that the density of the molecular ion is in quasi-
stea%, state, and second, numerically. Comparison of the two solutions
shows that the assumption leading to the analytic solution is almost always
valid. The solution for the electron density is compared with daytime
electron density profiles from a station on the magnetic equator, since
there vertical transport of charge Is inhibited by the magnetic field. With
fast photochemical rates and a neutral atmosphere which varies in time
due to the diurnal variation of atmospheric temperature, satisfactory
agreement between theory and observations is obtained.
A

NUPEN. W. Bibliography on ionospheric propagation of radio waves. NB8
Tech. Note 84. National Bureall of Standards, Boulder, Colo. (Oct.
1960).

Some of the material used in this BIblioaphywas submitted to the
Abstracts tpoq by the Boulder a of the Natlmini Bureau of
"Stvviard. However, the vast majort of the papesy reforempd in the
Bibliography have been writtn since 1 0. The reader Interested in a
fuller coverage of Ionospheric propagation of radio waves prior to 1960
is referred to Dr. L. A. amngs bblio enttled "A Barvey of the
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Literature of the Ionosphere", dated July 31, 1955 of the Radio-science
Laboratory of Stanford University; or "The Upper Atmosphere", by
Dr. S. K. Mitra published in 1952 by the Asiatic Society, and to other-
standard works.

Several distinct fields of ionospheric propagation have been purposely
omitted in order to keep the volume of material down to manageable
proportions. There are:

Meteor or meteor trail propagation
Radio reflection from auroras.
Radioastronomy

These, and related aspects, will be the subjects for a smaller
supplementary volume; and the accumulated literature on Tropospheric
Propagation for still another volume, also of somewhat smaller dimen-
sions.
Excerpt.

NUPEN, W. Bibliography on atmospheric aspects of radio astronomy.
NBS Tech. Note 171, National Bureau of Standards, Boulder, Colo.
(1 May 1963).

This is the fourth in a series of bibliographies being prepared by the
M & GA staff of the American Meteorological Society for the Boulder
Laboratories of the National Bureau of Standards. The first three were:

1. Bibliography on Ionospheric Propagation of Radio
Waves (1923-1960). NBS Technical Note No. 84,
October 1960. (1404 items)

2. Bibliography on Meteoric Radio Wave Propagation.
NBS Technical Note No. 94, May 1961. (368 items.)

3. Bibliography on Auroral Radio Wave Propagation.NBS Technical Note No. 128, January 1962. (297 items)

The present bibliography on Atomospheric Aspects of Radio Astronomy
Includi Selected References to Related Fields contains over a thousand f
abstracts or titles taken from the literature published between 1900 and 1961,
Incl., but the bulk of the literature follows the discovery by Janaky In 1932
of radiofrequency radiation from the asm, and especially the building of
radio telescopes since World War U.

The subject matter in this bibliography in confined to the effects of the
earth's atnosphere on radiofrequency radiation from the sun, planets, stars,
tw plgaies and intergalactic space, or knowledge of atmospheric or iono-
spberic str•utr, composition, or physics.

Excerpt
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N.Y.U. Theoretical studies on the propagation of electromagnetic waves,
including problems of reflection, refraction and diffraction. Progress
Report, 1 January - 21 March 1951, Contract AF 19(122)-42, Mathematics
Research Group, Washington Square College, New York University (n. d.).

This report summarizes the research activities in the theory of electro-
magnetic propagation by the Mathematics Research Group of Washington
Square College of Arts and Science associated with the Institute for Mathe-
matics and Mechanics at New York University for the ninth quarterly period
under Contract AF-19(122)-42. During this period three Research Reports
were submitted. Abstracts of these reports are included. A complete
listing of the reports, publications and other scientific activities of members
of the group in connection with work done under this contract is included
in Sec. 2. Activities in connection with publication of the Proceedings of
the Symposium on the Theory of Electromagnetic Waves sponsored jointly
by the University and the Geophysical Research Directorate are described
in Sec. 2.4. In Sec. 3 the status of current research activities are dis-
cussed. Various administrative measures are detailed in Sec. 4.
MGA
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OBAYASHI, T. On the world-wide disturbance in F2-region. J. Geomag.

Geoelec. 6, 57-67 (1954).

The world-wide patterns of the F2-region disturbance and their
development process with the geomagnetic storm-time were examined
with the comprehensive world-wide data of F2-layer.

The average disturbance in fOF2 during the main phase of the asso-
ciated magnetic storm, so-called D(fOF2), was derived with respect to
geomagnetic latitude and local-time, and it was separated into the Dst(f0 F2)
and Ds(f 0 F2) component. It will be shown in this analysis these two compo-
nents play an important role in the ionospheric storms, and not only their
range, but also their phase are controlled by the magnetic activity.

The average development course of the ionospheric storm and the mode
of the Ds(f0 F2), changing regularly with storm-time, were studied. The
phase of the Ds(fOF2) during the active stage of magnetic storm is almost
uniquely dependent upon local-time, but after the activation ceases, the
pattern of the disturbance moves together with the rotating earth.

Detailed analysis was made on the progressive aspects of the individual
disturbances in the northern hemisphere accompanied with some typical
severe magnetic storms.
A

OBAYASHI, T., and J. A. Jacobs. Sudden commencements of magnetic
storms and atmospheric dynamo action. J. Geophys. Reb. 62,
589-616 (July 1957).

A statistical investigation of world-wide sudden commencements of
magnetic storms has been carried out using data from over 30 magnetic
observatories distributed all over the world. An appreciable diurnal
change in the amplitude of SC's has been found, and the average electric
current system for the Ds field shows conspicuous current concentrations
in the polar regions. The pattern of this current system is similar to
that caused by an electric doublet centered on the highly conducting region
near the geomagnetic pole, and hence it is probable that the current system
exists within the earth's atmosphere. On the other hand, the Dst field of
SC's seems more likely to be of extraterrestrial origin.

An atmospheric dynamo theory has been applied to interpret this Ds
current system, on the assumption that the main source of electromotive
force generation is due to the enhancement of electrical conductivity in
the polar region. The change at a SC is so abrupt (within a few minutes)
that it is reasonable to assume that the wind system in the ionosphere
will not change. Thus, using the wind system estimated from the Sqfield,
the current system at the time of commencement of the storm has been
computed, assuming an appropriate change in the electrical conductivity.
Good agreemepri :Ath observed results has been obtained, and it suggests
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that a dynamo. action in the upper atmosphere is the dominant cause of
geomagnetic variations during disturbances. Moreover, there has been
found a consistent wind system which can produce the observed geomagnetic
variations both for quiet and disturbed conditions with a reasonable range
of conductivity changes in the polar regi~ons. This wind system consist of
both a diurnal and asemidiurnal term, and the estimiated order of magnitude
agrees with recent ionospheric measurements.
A

OBAYASHL, T. Polar ionospheric diatubar-.es associated with a severe magtne-
tic storm. J. Geomag. Geoelec. 10, 2-35 (1958).

A detailed investigation is made of a severe magnetic storm on 28
October, 1951, using world-wide simultaneous geomagnetic and ionospheric
data. It has been found that an outstanding electrojet stream, comparatively
short-lived, apeeared near the southern edge oi the auroral zone at the
end of the main phase of this storm. The ionospheric disnturance associated
with this electrojet was anomalous; the electron density of the F2-layer above
the electrojet stream increased suddenly to more than 106 electrons/cm3

and then dropped below normal after the disappearance of the current stream.
Although no existing theory of ionospheric storms can explain satisfactorily
this anomalous change, two possible mechanisms are suggested from con-
sideration of the direct association of geomagnetic and Ionospheric varia-
tian. One is the effect of the Incoming corpuscular preciptation Into the
Ionosphere and the consequent formation of a now fl-layer due to the In-
crease of ionization. The other is doe to the vertical drift of electrons
produced by the Interaction of the geomagnetic field with the currents in
the F2-region rivturning from the main electrojet formed In the K-region.
PA

OBAYAR1I, T. A possibility of the long distance HF pr opgin I along01 the
exospheric 61 Wll-lge Ioniations. J. Radio Roen. Labs.

603412 (July 1959).

Traseqatolalvery long range echoes of the order of 7.000 km detectd

by HP bookocatter sounder. at RHiais are Interpreted as the ground back-
Scattbt proagation launched an the path akag the exas;bertc fhied alloedt
onizations. Roay path calculation on this loogftbina mode of propagaton

between the gsamanetloaly conjugate. Pointe alng its twed line is: made
for various geowapetle latitudes. The expected echo distome, time
well with that of obtained by the exeiet.It is a fo ound that the
average e'sdeck=cro doefsty deduced from the observed echo
sWoods is 10o 4 _@ 10 aWaeetron per CM3. A possil "Me of thi pMo-
agation made of backcafter as a tloo of exosperic minding Is sioggeOWed
A
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OBAYASHI, T. The S. L D. effect on V. H. F. scatter propagation associated
with the great solar outburst of 29 July, 1958. IN: Beynon, W. J. G.,
ed. Some Ionospheric Results Obtained During the IGY, Proc, Sym-

posium URSI/AGI Committee, Brussels, Sept. 1959, 137-138
(Elsevier Publishing Co., New York 1960).

It has been known that the radio signal at v. h. f. by scattering prop-
agation in the lower ionosphere is al•dhtly enhanced at times of S. L D. Is
In the h. f. band. Since the scattering region In the ionosphere for the
v. h. f. long distance transmission is below the usual S. I. D. 's producing
layer (80-100 kin), this effect at v. h.f. could be explained by the fact that
the v. h.f. radio waves do not suffer as much attenuation in the ionosphere
as do h.f., but are enhanced owing to the increase of electron density in
the scattering volume during S. I. D. 's.

A new transmission route of the v.h.f. (49.68 Mo/a) to study the iono-
spheric forward scatter propagation was established in 1957 between
Okinawa and Hiralso (distance 1600 kin) with the cooperation of the C. R. P. L.,
U. S., and the Radio Research Laboratories, Japan. Although there had
been several large solar radio outbursts since November 1957, none of
them was observed to produce any appreciable change except the great solar
outbursts of July 29, August 16 and 26, 1958. Those three events were
accompanied by solar flares of Importance 3+, and were characterized by
remarkable fadeouts of v. h. f. sky waves.

The present brief note concerns this new evidence of v. h. f. sky wave
fade coincident with the unusual solar flare n July 29, 19658. An intense
solar outxvrst was observed at the frequency of 200 Me/s and the accom-
pamyin S. L D. at 20.82 Me/s (San Francisco-Hlralso Route). A sudden
enhancement of solar radio emission (the first part of the solar outburst)
took place at 0305 h (U. T.), the flux denstty exceeding 20,000 x 10-22

W. M. -2 (o/s)-l. The duration of the first part wus about 20 minutes and
this was certainly one of the greatest solar outbursts ever recorded. The
S.LD. effect in h.fL band wm also a typical one. Radio waves of all long
distance h. f. transmission suffered a g mdt attnuation from a few minutes
after 0300 h to about 0400 h (local time, 1200-1300 h).

The record of 49.68 Mo/s Ionospheric scatter popagation is reproduced
in Fig. 1. A marked dereae of the reeived field Iftnst oommnmoed at
0303 h and waves faded out below the noe levd till about 0320 h, the mad-
mom depression of the testy wOM more than 40 db. I Is very Iteresi,
to note that, dung the course of the LS.D. a dstihct rse of noi level
was .bp! ld- fmom 0308 to 0312 h. This plWnomm may be due to a direot
effect of the solar r""Mo ouurst. The tUme diffeerme betwem the cat-
brst at MO0 Mo/ led tdsis eb"3MInutmm dLI ofl.oorrc torderIf
It Is assumed that this outbur is of tp 2 (slow drift type).

3a



0*

It is generally believed that the S. L D. producing layer is formed
around 80-100 km by a sudden enhancement of the coronal soft X-ray
radiation. However, the scattering region of v. h. f. long distance prop-
agation is situated about 70-80 kin, and this height is usually below the
S. I. D. producing layer. Hence, to explain the above-mentioned fadeout
effect at v. h. f., a further hardening of the coronal X-ray spectrum must
be assumed during a great solar flare.
A

OBAYASHI, T. Ionospheric radio propagation disturbances caused by high-
altitude nuclear explosions. IN: Beynon, W. J. G., ed. Some lono-
spheric Results Obtained During the IGY, Proc. Symposium URS/AGI
Committee, Brussels, Sep. 1959, 139-141(Elsevier Publishing Co.,
New York, 1960).

Considerable attention has been given recently to the geophysical effects
of the high-altitude nuclear tests carried out in August, 1958, at Johnston
Island in the Pacific. One test was made 1051 U.T. on August I at a height
of about 150 km, and the other at 1030 h U.T. on August 12 at rather a
lower height than the former. Observations at Apia, Samoa, showed that
the test on August 1 coincided with the, appearance of an aurora. The special
sig•ificance of this is that Apla and Johnston Island lie appri--nmately at
opposite ends of a geomagnetic line of force, and this would suggest that
any effects are largely restricted to the vicinities of the two ends of the
line of force. However, it is the purpose of this note to present evidence
strongly suggesting that increased D layer ionization sad also presumably
the distubance in the F2 layer occur for distamces far greater from the
explosion than has hitherto been realized, and at places remote from either
the explosion or its geomagnetic conjugate.
Excerpt

OCHS, G. R., D. T. Farley, K. L. Bowies, and P. Ganwpdaay. r-
Urns ofsnhrto radio not"e at fthe mamsl epto llcwh the

hig-atiudeunler exposi of @9 ul,1962. J. Oeophys. Rse. 68
701-711 (1M).

This paper describes thesults c rao measment made k peran
of snchrotr• §d=l at 30 md $0 Mo/s. This r*aiaM Was prboed9
by rl atl L elect n ete 'Into Ule O *t In the• eths ina ir
field ftilfg the high-alftitde maolest m elosi f My 99y 1982. A pel~a

Intrprtatof fithes resuts is also givmn At 50 Mo/s there was a brefs
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transient increase in the antenna temperature of 4. 5 x 104 *F.uhortly after
die explosion. This can be compared to the normal antenna temperature
at that time of 5. 5 x 10 *K. The excess temperature soon decreased to
about 1 x 10 *K and has silnce decayed only very slowly from this value,
the time constant being about two months. From the early tr~sisent changes
in the ante=n temperature, a fairly accurate description of the energy
distribution of the electrons is obtained. This spectrum io found to vary
almost exactly as the fission, spectrum, exp (-0. 575E - 0.0O55E 2), in the
range I SE 5, where Eistheokinettacenergylin.Mev.- Above-5 Mev the
spectrum falls off somewhat faster than this expression, but the measure-
ments are rather poor In this range. The value 2 x 102* is obtained as a
r'-ugh estimate of the total number of electrons having energies of the order
of 1 ?4ev or greater that were trapped after the explosion.
A

OGBUEHI, P. 0., and A. COiwumechilli. Recent measurements of the MR&OtI
field of the equatorial !lcroe n Eigeria. J. Geophys. Rles. 68,
2421-2424 (1963).

* Photographic records of the daily variations of the magnetic elements
*H, D, and Z were taken at 10 stations across the magnetic i ro, dip eaquator

in titger~t argand the June solstice (May to Muy) 1962. A prelimLz~ssr
a.is otAhese records locates the axis of the equatorial eleatrojet on

* * the majieftc equator (10. 2" -1 latitude In Nigeria), and there the average
* ~daily rang of Z was practically zero. Oni the model of a uniform current

* ~band at a height of 110 km the equatorial electrojet In this season was
4 fouh6 twhave a 'width -i (406 * 20) km and a current intensity of 116 amp

km-2 These values are compared with other existin values; they show
:clearly tha both the width and the intensity of the electrojet have decrease

* ~wit defrease In solar activity.
A'
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OGUTI, T. On the Earth storms. 5. Interrelations among the upper atmosphere
disturbance phenomena over the polar regions. Rept. Ionosphere Space
Res. Japan 14, 291-300 (1960).

Interrelations among the upper atmosphere disturbance phenomena in
the auroral zone are discussed with the aid of observation at Syowa Staticn
(6900'S, 39W35'E). Results obtained can be summarized as follows: 1)
Geomagnetic bay type disturbances, ionospheric disturbances represented
by anomalous increase in fEs and blackout and abrupt increase of auroral
luminosity A 5577 in zenith begin simultaneously with each other within the

accuracy of observation. It is noteworthy that the onset of increase of auroral

zenith luminosity not of total activity Is simultaneously with those of the
other disturbance phenomena. 2) Ionospheric balckout follows geomagnetic
disturbances and auroral displays in morning day time site of the auroral
zone, while increase in fEs follows those in evening night time site. 3)

Numerical values representing activity of disturbances i.e., decrease of
geomagnetic horizontal intensity, increase in fE3 and auroral A 5577 zenith
intensity are found to be consistent with each other,, if it is postulated that
these disturbance ikenomena are due to anomalous ionization in the lower

ionosphere with simultaneous excitation during autroral displays. 4) From
the observed facts mentioned above, these disturbance phenomena may be
tentatively interpreted by postulating that they are all derived from im-
pinging particles into the upper atmosphere in the auroral zone.
MGA

OKAMOTO, H., M. Ose, and K. Aid&. New type of scattering echo observed
by the shqplborne ionosphericsounder over the sea. Rapt. Ionosphere
Res. Japan 11 0-34 (1957).

On the first Japaneme Antarctic reseach expedition (1956-7) from
Japan to Singapore to Cap Town to Syowa Base nad retrn, a new type of
ionospheric souning echo eattering was observed (as shown on recorder
records) In a reon up to 120 km above the surface for h'f records. No

interesA or -srumetal filture could be found sad, as shown on an hourly
graph, diural cyle as pedm t (scatter mosty In daytime). Over-
sea, land or ice propaps showed differeces In type of scatter, betng
weaker over lend or Wce tham over sea I apparnty 1 due to troposperi

N
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ONDOH, T. lonos rierc currents rerpowtulbe for sudden commencementsa
observed at the geomagnetic equator. J. Geophys. Rtes. 66, 4155-
4161 (1961).

The intensities and altitudes of ionospheric currents responsible for
sudden commencements at the geomagnetic: equator are calculated by using
the horizontal and vertical disturbance vectors of the scls observed simul-
taneously at the Jarvis and Fanning Island stations, on the assumption tither
that these currents are line currents or that they are uniform current A!~wts.
The result shows that the total intensity of the current responsible for the
sc ts of the order Of 10 amperes at the geomagnetic equator, and that there
in no relation between the altitude of the current responsible for the se and
theilocal time of the occurrence. Itsmemoslikely that this currentitocaused
by the arrival of hydromagnetic waves generated by the impact of the solar
plasma cloud ca the geomagneti&cield. Possible explanations for the day-
time enhancement of the amplitude of the so at the geomagnetic equator are
discussed.
A

ONWUMECHILLI, C. A. Possible asymmetry in the daily range of the
geomagnetic vertical intenity around the magnetic equator. at90me
16=4, 51 (1959).

Contrasts briefly results from two magnetic observatories straddling
the equator as a means of detectIng an asymmetry in the vertical intensity
an opposite sides of the equator.
PA

ONWUMECHILLI, (C. ) A. A suyof the equatorial electrojet'-L An exprimental
stuy. J. Atmos. Terreat. Pbys. 13, 222-234 (1950).

AuacoutIs given of the phtppi eitainof the variation of
the earth's horIzonta magnetic force (H) across the magnetic equator In
Nigeria from November 1956 to Januuy 1957. As the period was mapietically
quiet. and the records were good, It has befi possible to make s detailed
stud of the quie day variation. The latitudo of temaximum rogs of 8
wass found to be about,0.5 Vrom the magnetic towards the georphic equa-
tor. Tb. d"ly variation cumv of Hils found to chape Its form as the
tagnetic equator is crossed from south to north and a method is Introdaced
for the study of this chage. It to shown that the fluctua tion InS-variti
cumv hr~trsi of oquaorlal stations occur at the same time ad In the
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same form at equatorial stations that may be distant from one another.
The magnitudes of the same fluctuation at two stations are in about the same
t atlo as the daily ranges at the stations. It is thus likely that the indenta-
tions in the H-variation curve arise from fluctuations in the ionizing agent
frou; the sun.
A

ONWUMECHIIJI, C. A. A study of the equatorial electrojet-H. A model
electro},t that fits H-observations. J. Atmos. Terrest. Phys. 13,
235-257 (1959).

Methods are 6eveloped for separating the observed variation 6f the
horizontal magnetic farce (H) into its two component parts - the effect of
the equatorial electrojet and the "normal variation" without the electrojet.
It is shown that in such a separation, it is necessary to allow for the possible
phase difference between tha two component parts. Theoretical curves from
the electrojet regarded as a horizontal current band of uniform intensity
are found to fit the experimental points reasonably well. Th.3 electrojet is
found to have a height of from 100 to 125 kin, a width of 4" latitude and the
current intensity at the height of 100 km is 6700 A/degree latitude. The
effect of the electrojet on the vertical co'mponent (Z) of the earth's magnetic
field is found to have a maximum value at sbout 250 km from the Jet.

h is shown that after 600 km from the elh'trojet, the H-effect of the
jet becomes very small whereas the Z-effect is lrge enough to explain
the large Z-ranges observed in such regions. The po ical distribu-
tion of the forms of H-variation curve across the magnetic equator is ex-
plained as a result of the superposition of the "normal" variation and the
electrojet effect. It is pointed out that Z-ranges observed at various parts
of the world near the magnetic equator Indicate a lack of symmetry about
that equator and this is explained with a theory developed in this paper.
Some suggestions are given about the relative Importance of the geographic,
magnetic, and geomanetic equators in geomagnetic variation.
A

ONWUMECHILLI, (C.) A., and N. & Alexander. Variations in the geomasastle
field at Ibadan, Nigeria-L Solar variations. J. Atmos. Terrest. Phys.
16k 106-114 (1959),I

Magnetic records obtained at the reoetly established magnetic ob-
servatory at -ba= In equatorial Africa for the period November 1956 to
Jue 1957 are analysed harmonically for solar variations. T1e results,
given In the form of harmonic dials, show that the amplitude of H ts very
lar:e (similar to that observed at Humoayo), and the mplitud of Z ts
larger by a factor of 3 than ma, previmuly reported. Thes results are
explained as arising from the equatoria eleotrojet oentered on the maguetic
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equator, which is about 2 1/20 N of Ibadan. The variation in D at Ibadan
is small, but has its phase completely reversed between the June and
December solstices. The d-variation shows no obvious effect of the
electrojet.
A

ONWUMECHILLI, r. A. apd N. S. Alexander. Variations in the geomagetic
field at Tbadan, Nigeria-fl. Lunar and luni-solar variations in H and
Z. J. Atmos. Terrest. Phys. 16, 115-123 (1959).

Magnetic records obtained from November 1955 to June 1957 at Ibadan,
Nigeria, have been 914ytn !.,rmonically for lunar and huin-solar variations.
The results are statistlcally significant. The L-variations in H and Z are
abnormally large at Ibadan. The L-variation in H is comparable with that
of Huancayc and about three times greater than at other observatories of
comparable geographic latitude. The L-variation in Z is larger than any
previously reported. These results are explained as the effect of the
equatorial electrojet. The ratio of StoLtnHis small at lbadan as atHuan-
cayo. S/L in Zis equally small at lbadan (Thaan happens to benear the
latitude where the Z effect of the electrojet is a maximum (Onwumechilli,
1959). The Chapman (1913) expression for L is fully confirmed in all aspects.
A

ONWUMECHILIJ, C. A. The relation between H- and Z-variations near the
equatorial electrojet. J. Atmos. Terrest. Phys. 16, 274-282 (1959).

The parallelism in the variations of the geomagnietic horizontal compo-
nent (H) and vertical component (Z), so obvious in the magnetograms of Jbalan,
has been investigated. During day-time when the effect of the electrojet is
dominant, H and Z vary proportionately. Numerous indentations of varying

*period and amplitude are a prominent feature of day-time variation curves
offHfand Zat Baden. Six hundred of theselindentations have bemn measured
and analysed. The indentations attain their maximal values simultaneously
in Hand Z. Within the limits of experimental error, in 88 percmnt of the
cases during the day and 54 percent of those during the night, the indenta-
tions also begin and end simultaneously in H and Z.

The ratio of r of the amplitude of an indentation in H to the amplitude of
the same indentation In Z exhibits a remarkable diurnal variation, being
constant for most of the day-time. 7he average value in2.114 *0. 021
during daytimes and 4.112 * 0.095 during the night. The ratio ris our-I ~ prhsingy Independent of magnetic disturbane but decres !-.s with Increase
in the period of duration T. For Indentations of short r i~l do -T (e.g. not
exceeding 15 min) the ratio r equals the ratio R of the vfuewl range of H
to the rang of Z on undisturbed days. A is suggested that the Indentations
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are caused by fluctuations in the quantity and quality of ionizing agents
from the sun and that the decrease of r with increase in T is associated
with vertical movements of the E-layer of the ionosphere (or the k 1 layer).
A

ONWUMECHILLI, (C.) A. Fluctuations in the Penioaretin horizontal field
near the magnetic equator. J. Atmos. Terrest. Phys. 17, 286-294
(1960).

Six-hundred fluctuations in the geomagnetic horizontal component (H)
and vertical component (Z) have been measured from the magnetograms taken
at Ibadan in April and May 1958. An analysis of these has shown that: (a)
the frequency of occurrence varies with local time in the same ways Ua, q;
(b) the amplitude of fluctuations increases in a general way'with Sq; (c) the
amplitude of fluctuations in both H and Z tend to increase linearly with
period in duration (T) and there is some evidence for a change of al.,e at
about T = 33 min with the fluctuations of longer duration increasing more
slowly with T than those of shorter duration; (d) fluctuations under quiet
conditions occur mostly durJng day-time and are more frequent whnm Eq
is high; (e) fluctuations durinu the night are of long duration and mostly
occur during disturbance (Kp > 3+). It has been shown that fluctuations
under quiet conditions have the characteristics of solar-flare effects and
it is therefore suggested that both arise from similar causes.
A

ONWUMECHILLI, (C.) A. Lunar daily variation of the magnetic declination at
lbadan, Nigeria. J. Geophys. Rea. 65, 3433-343S (1960).

The data taken for 52 months at Ibedan are analyzed for lunar variation
in geomagnetic declination (D). When grouped according to seasons, the results
are found to be statistcally significant for the June and December soastices
but not for the equinox. There is almost a complete reversal of phase
between the variations in the two solstices. It Is found that the luar varia-
tion in D at Emadan does not show the marked effect of the equatorial electro-
Jet so clearly observable in the variations of the horizontal force (H) and
the vertical force (Z). Surprisingly, however, the amplitude of variation
in the summer is slightly smaller than that of the winter, but it it not yet
clear how far this anomaly can be attributed to the electrojet.
A

ONWUMECHIL, (C.) A., and P. 0. Oghue L In the soaMewt
horizontal field. J. Atmoo. Terrest. Pays. 24, -190 (1I96).

We have studied the spatid distributon of the Incidmene and amplitude
of fluctutions In the 8oomagst€c horizontal field In the range of a few
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gammas to about 50Y(1Y = 10-5 gauss) and in duration from a few minutes
to about 2 hr, and found that: (a) almost all the fluctuations observed at
the equatorial observatory at Ibadan are identificable under favourable
conditions up to +60" geographic latitude and arevery likely world-wide;
(b) the amplitude of fluctuations is sensitively dependent on local time and
the strength of Sq cirrent; (c) the amplitude of fluctuations is enhanced by
about the same factor as Sq(H) at the magnetic zero dip equator and reaches
a maximum at the same place as Sq(H) under the equatorial electrojet;
(d) neither the ratio of the amplitudes of a fluctuation in H at two observa-
tories nor the ratio of the fluctuation in the two magnetic elements H and
Z at Ibadan is affected by the intensity of magnetic disturbance.

ft is argued that no existing theory gives a completely satisfactory
cause of geomagnetic fluctuations in the low latitudes. A hypothesis re-
q'ring the emission of radiation as incoming plasma suffers some inter-
action at the outer fringes of the earth's upper atmosphere is tentatively
suggested.

It is suggested that the diurnal variation of the frequency of occurrence
of sudden commencements and sudden impulses could be explained from the
diurnal variation of their amplitude.
A

C#NWUMECHILLI, (C.) A. Lunar effect on the diurnal variation of the geomagnetic
horizontal field neai' the magnetic equator. J. Atmos. Terrest. Phys.
25, 55-70 (1 ).

Lunar effect cm the diurnal variation of the geomagnetic horizontal
field (H) at Ibdian has been Investigated using mapetoprams of 28 months
all I& the season of Northern Winter. I hap been found that lunar tide
(L) accounts for about 11 percent of the daily range of H and its contribution
to the departure of the hourly mean of H is about 14 percent at 11 br, 17
percent at 13 hr, and 36 percent at 16 hr local time at Iaden. The assym-
metry of the dhtn aurl of H is found to be independent of L. A new
method is described for estimating the intentity of the L-field at certain
hours on Individual days and this has shown that the ratio of Intensities of
L to 8 varies from hour to hour o the same day. The existence of 'Ig-
L-d@ay" reported by Bartels and Johnston (1940) is found to be doubtful.
Evidence has bees brou&ht to shoW that If the existence of Big-L-days is
accepted, Oheu the existenoe of '•1aAU-L-dys•" and '"hverse-L-doys" also
ha" to be aocepted.
A
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"ONWUMECHILLI, (C.) A. Separation of the semidiurnal tidal effect on
"individual days and some equatorial features of the geomagnetic lunar
tide. J. Geophys. Res. 68, 2425-2433 (1963).

A method of estimating the lunar effect on individual days is reported.
Calculations are carried out to demonstrate how it may help in the study of
sine aspects of the L field. The contribution of the L field to the diurnal
variation of the geomagnetic horizontal field (H) at lbadan is found to be
large, but it is not clear whether 'big-L d&vs' of the type reported by (
Bartels and Johnston 119401 from Huancayo really exist. The evidence is
such that, if the existence of big-L days is accepted, the existence of
small-L days and even inverse-L days has to be accepted. The results
rather indicate that the magnification of L may vary from hour to hour
on the same day. The asymmetry in the variation of H near the magnetic
equator (defined by Onwumechilli 119591) is found not to arise from the L
field.
A

OSBOR~NE. R. W. Ionospheric behaviour In the F2 region at Singapore
1,J Atmos. Terrest. Phys. 2..6-79 (1951).

-Preytous work on Ionospheric behaviour at low latitudes has demonstrated
tho wds~ce of ionospheric phenomena peculiar to equatorial regions, partic-
ularty durIng the midday period and after sunset, within the region of a

"UQWoflow F2 layer critical frequency near the magnetic equator. Ob-
servolaw at Sngapore (on the southern edge of this IIljt. oj') from November
IM~ kwm sbown the inter-dependence of F2 layer critics! frequency and height
wt* *& waesonal occurrence of thick layer effects. Ionospheric behaviour
at 8howa during the December solstice shows marked differences from
that at th4Q e~aatrial static of Huanoayo, Peru, during daylight hours.
Layer be#eib canges after sunset, and the associated occurrence of the
equatorial scatter phenomenon, are discussed. Consideration is given to
*9 intewi~tafon of vertical incidence virtual height measurements under
91gwapo conditins of a thick F region.
A

0WORNE, B. W. Some practical determinations of electron content below the
1"W dt axiainumloniamatiOn In the F2 region Of the Inser.J.
Atma.. Terrest. Phys. 3, 58-67 (1952).

Ths pow describes an investigation of the variation in t6e total =nuber
of eiecrosw n, In a vertical column of unit cross-section In ýthe F2 region of
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the ionosphere up to the level of maximum ionization with the solar zenith
angle ) at Slough and Singapore during selected days in every month of
1949; and at Singapore and Penang during a programme of simultaneous
observations made at the two stations in July 1949.

The seasonal and diurnal variations of maximum electron density
differ from those in n, the latter showing a greater dependence ou cos X.
Several anomalies are, however, still evident.

Diurnal variations in the latitude gradient of n near the magnetic
equator are briefly discussed. It appears probable that, as the latitude is
altered, the local noon value of n goes through a flat maximum in equatorial
latitudes, whereas the noon value of maximum electron density goes through
a sharp minimum near the magnetic equator, and exhibits the well-known
"equatorial trough".
A

OSBORNE, B. W. Note on ionospheric conditions which may affect tropical
broadcasting services after sunset. J. Brit. Inst. Radio Engra. 12,
110 (Feb. 1952).

While reliable reception between sunset and midnight is of considerable
program value, there are certain ionospheric phenomena, peculiar to
neighborhood of magnetic equator, which can cause intolerable fading over
short paths involving reflection at F2 layer; scattering phenomena at such
places as Singapore.
El

OSBORNE, B. W. Lunar vartation in F2 region critical frequency at napore.
Nature 169, 661-662 (1952).

The existence of large lunar tidal effects in the F2 region of the iono-
sphere at latitWdes near the magnetic equator has been demonstrated by
Martyn, and by MoNish and Gautier, at Huanceyo and elsewhere. It was
found at Huacoyo that minima in the ordinary-ray critical frequency for
the F2 region, f0 F2, occurred at the times of greatest amplitude of the
diurnal %ariation in the earth's horizontal magnetic field, that is, about
four days after the new and the full moon.

In this communication, the relation is considered between the midday
values of foF2 at Singapore and the age of the moon over the period from
November 1918 to June 1951 Inclusive, for which a continuous series of
observations was available. As Ionospheric conditions at Sir4ppore are
noticeaby different at the December solstice, the equinox months and the
June solstice, it is natural to treat these periods asparately. Furthermore,
the same periods have been considered in the Huanoayo analysis, with
which the results obtained from Sinppore may be compared. hn order to
obtain sufficient results for each day of the moon's ap, the values of
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foF2 at 1100, 1200 and 1300 hr. local mean time were grouped together,
anO !nor fluctuations smoothed out by using three-day running mean values.
-, • .its of this superposed epoch analysis are shown in Figs. 1(a),

for the December solstice, the equinox and the June solstice
Ay. A minimum in f0 F2 a few days after the full moon is clearly

e'••.... • these times of the year, while during the June solstice there is
also a well-marked minimum after the new moon. Comparison with the
results given for Huancayo shows that the amplitude of the Singapore
equinoctial variation for this period near sunspot maximum is approximately
half that obtained at the equinoxes at Huancayo during 1941-44, a period
near sunspot minimum.

A lunar control of the times of appearance of ledges in the upper F2
region has been suggested by McNish. Ledges in the F2 region have been
observed for several years at Singapore at heights up to about 800 km..,
particularly before noon during the December solstice and, to a lesser extent,
after noon during the June solstice. These ledges are characteristically
restricted to periods when a thick F2 layer is present. In order to ascertain
whether the occurrence at Singapore of a thick layer and formation of a ledge
were in any way associated with the moon, the values of fOF2 for the three
hours centered on 1000 L. A. T. for the December solstice, and centered on
1400 L. M. T. for the June solstice, were examined in a similar manner.
It should be mentioned that there was no large diurnal change in the monthly
mean values of foF2 over the hours which were grouped together for the
purpoc.e of this analysis. The results obtained are shown in Figs. 2 (a) and
(b) for the December and June solstices reapectively. Comparison of Fig.
2 (a) with Fig. I (a) shows that the lunar variation of f0 F2 in the December
solstice for the hours centered on 1000 L. M. T. Is more than twice as great
as that obtained at midday, and there is a noticeable minimum after the
new moon which was not previously evident. The maxima at the first and
last qy'•rters are well marked, and the whole lunar cycle is distinct. For
the June solstice, comparison of Fig. 2 (b) with Fig. 1 (a) shows no signi-
ficant increase in theAmplituc ) of the lunar component, through the former
figure, for the hours after noon displays a more pronounced full moon
minimum.

TLa data used for constructing the curves In Figs. I and 2 include all
values o. foF2 obtained at the relevant hours, except for those very few values
which were marked as affected by storm conditions. It may be mentioned,
however, that at some hours ionospheric behaviour and conditions of
measurement were such that no value of f0 F2 could be tabulWated.

It may be ocreluded that, at Singapore, the moon mrta an Inflmence on
the structure of the upper F2 region, and thus modifies the value of foFl.
An adequate theoretical oVlanation of the very large Ionospheric variations
pro~ied is not yet available.
Exerpt
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OSBORNE, B, W. The electron content of the F2 layer above Singapore.
J. Atmos. Terrest. Phys. 4, 82-84 (1953).

In this note we compare the total ionization present in a unit column,
n, below the level of maximum ionization density of the F2 layer in 1949,
a year of great solar activity (R - 120), and in 1952, a year of slight
activity (R - 30). The total electron content, n, is estimated by parabolic
methods (Osborne, 1952a, Ratcliffe, 1951) for six equally spaced days in
June and December 1952, and the results are compared with similar data
for the corresponding months of 1949 (Figs. 1, 2).

The diurnal variations of "n" are reasonably consistent with the hypo-
thesis that the ions are produced by photo-ionization in a medium with an
appreciable ionization relaxation time. Perturbations due to movements of
ionization, which dominate the corresponding curves for f0F2, modify the
shape of the curves for 1949 but are comparatively amall in 1952. Thus
the large anomalous differences between June and December evident in
sunspot maximum years have largely disappeared.

It is interesting to compare these results with those obtained by
Ratcliffe (1951b) for Huancayo, Alaska and Watheroo.

The midday values of n at Singapore at sunspot maximum are very
similar to those obtained 1.y Ratcliffe (1951) ior Huancayo; and it is sugges-
tive that the values of n at Singapore during the early morning (X > 60) in
1952 are consistent with those found at Alaska and Watheroo for similar
values of X, again implying that transport of Ionization is comparatively
unimportant at these times.

The small change in "n" at Sing., are between 1949 and 1952, and the
differences between the ahapes of the diurnal curves in 1949 and 1952, which
are particularly noticeable during the December solstice ({ee Fig. 2), appear
to be due (McNish, 1950; Osborne, 1952b) to Ionization moving above the
level of maximum ionization density In years of great solar activity. Rat-
cliffe (1951b) however claims that this phenomenon Is most evident at
Huancayo in years of minimum solar activity, though McNish has observed
Its presence there during sunspot maximum (1939) also.
Excerpt

O8OORNE, B. W. Horizontal movements of Ionization in the equatorial F-region.
J. Atmos. Terrest. Phys. 6j 117-123 (1955).

Spaced-aerial observations of horizontal velocity of Iuized particles
during day in F region at Singapore gave in Sept. -Oot. 1933 a regular
semidiurnal varu.,."rn from about 52 m/s towards E at 9-12 h LUT to
nearly 50 m/s towards W at 15-17 h. A~doubeul tendency was found for
movement to 8 at 9-15 h. In Nov. 1953-Feb. 1954 movements were less
regular and mostly towards W from 10-18 h. In March-April 1954 variation
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was from 40-50 m/s towards E at 9 h and 23 h to over 50 m/s towards W
at 17 h.
MGA

OSBORNE, D. G. Equatorial electrojet in Ghana. Nature 193, 567-568 (1962).

A study of the recordings from an Askania magnetograph at Tamale,
39 km south of the magnetic (zero dip) equator, has shown that the mean
position of the equatorial electrojet at the time of daily maximum of jet
intensity Is 14 * 8 km north of the magnetic equator in that locality. The
relative changes in the horizontal and vertical components of the magnetic
field as recorded at Tamale show that, on the model used for the calcula-
tions, the jet changes position as well as intensity. The r. m. a. of dis-
placement of the jet axis from its mean position was about 46 km over the
period studied.
PA

OSBORNE, D. G. Position and movement of the equatorial electrojet over
Ghana. J. Atmos. Terrest. Phys. 24, 491-502 (1962).

Measurements of absolute vertical field in order to locate the magnetic
equator and of diurnal variation at two stations near this equator are de-
scribed and interpreted. It is shown that the observed variability of the
diurnal variation c~an be explained by supposing changes from day to day
In the position and strength of the electrojet. The mean position of the jet
axis lies very close to the magnetic equator for the period February and
March 1961, but the axis moves from one day to another with a root mean
square displacement of 46 km. The lack of dependence of jeý strength of
the normal current system introduces considerable errors in estimates
of magnetic variation based on supposedly fixed ratios between non-
equatorial and equatorial stations.
PA

OSBORNE, D. G. Daily variability in strength of the equatorial electrojet.
J. Geophys. Res. 68 2435-2439 (1963).

Values are deduced for the contributions to the diurnal range of the
horizontal magnetic component by the normal Sq current system and the
equatorial electrojet. Both contributions vary much from day to day, bat
there Is only a weak correlation between the two. Hence it Is suggested
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that in analyzing magnetograms ranges should not be 'normalized' by
taking ratios for different stations near the magnetic equator. It is also
argued that the electrojet cannot be a simple enhancement of the normal
current in a belh of high conductivity. Evidence is given for a slight de-
crease in electrojet strength on magnetically disturbed days.
A

OSBORNE, D. G., and N. J. Sknner. Equatorial drift and the electrojet.
J. Geoohys. Res. 68, 2441-2444 (1963).

Apparent horizontal east-west drift velocities in the F layer have been
measured near the magnetic equator at Tamale in northern Ghana by the
spaced-receiver, pulse-fading method. These velocities are compared with
changes in the horizontal magnetic field strength In the daytime. It is
shown that the drift velocity is cloiely related to the curr,nt strength in the
equatorial electrojet and that It increases when the jet current increases.
A

OSE, M., K. Aids, and H. Okamoto. Latitude feendece of fF2 ove. tha
rmnge of 20"N to 6VS , obtained si r ogopbrW soader
J. Atmos. Terrest. Phys. 15; 130-131 (1959).

On the -.ceasion of the first expedition of Japanese Antarctic Research
1956-1957, routine ionospheric sounding was carried out all the way by the
shlpborne sounder on board the Soya.

The sounding began on 11 November 1956, at the southernmost part of
Japan and lauad until the ship cam. back there on 21 April 1957, keeping
in routine observation at every 15 or 30 min. The route of the navipation
is bho'wm in Fig. 1. The southe•rn. At latitude reached is 69 15' in geo-
magnetic latitude in the Bay of LUtzow-Holm.

The results obtained from the above sounding of the manetic dependence
of •0F2 are represented in Figs. 2 and 3, corresponding to tUeir noon and
midnight values, respectively, taking the geomaaetic latitude a the
abscissa. Here, the fall linha curve means the outward way and the broken
the homeward way. It must be noticed that the data were derived from the
observations carried out continuously and almost In the same conditions
on the whole oovers2 of latitudes. These ov-ves show the well-known
characteristics with dips around the equator Ad the maxima on both sides
of It. Jut, as they incWe regular and irregular variations and also
1ou dtIn effects with themselves, it is not yet possible to find precisely
the normalized shape o, ths characteristics free from the above variations
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and effects. until the necessary hourly values throughout the world are
made available.

Excerpt
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PANT, B. D., R. R. Bajpai, and B. K. Verma. Ionosphere at Allahabad.
Proc. Nat. Acad. Sci. India 6, 1961-174 (1936).

Observations for Nov. and Dec., 1935, show that 75-m. waves are
usually reflected from the F-region. Sporadic E-reflections have, however,
bqen observed on several nights. The noon ionisation of the E -region has
been measured during the winter solistice period and found to be about
2 x 105 electrons per c.c. Both the group retardation as well as the strati-
fication splitting has been observed, the former ratber rarely. Long re-
tardatlon echoes show the possibility of existence of ionised regions above
the F -region. Complex echoes consisting of several peaks rapidly fading
In and out have been seen several times. There seems to be no connection
between the magnetic disturbances and the complex echoes. Ubservations
for the reflection coefficient have been taken for the two rays, and values
of the reflection coefcient greater than unity have been observed. The
results find a satisfactory explanation on the hypwhesis of an undulatory
structure of the ionosphere together with the possibility oi echo reception
from directions other than vertical. Moasarements of the reflection co-
efficient late in the night show that both the rays are sbsored hI the re-
fleoting region, a view contrary to those held by EAllsh workers. The
desirability of taking more observations by setvral st4ons in collaboration
is pointed out.
PA

PARKER, E. N. On the gomagnetic storm effect. J. Geoplys. Res. 61,
6254-3 (1956).

The high electrical conductivity of the region surrounding Earth, Inferred
from the observations of atmospherkc whistlers and the zodiacal light, re-
quires abandoning the customary models for producing a e storm
field with Impressed curreut system. It becomes necessary to adopt a
purely a approach wherein one focuse his M ention ao the d
magnetic ine of force of tme field and their d Nsi• with
the conducting gas surrounding Earth. From the Idhrm agNe tlc point of
view, a decrease of the horiomntal component Is brught about by lifting th
liHs of force in the region above the observer. It Is sugpstd tat heating
In the uWpr atm ma produce do mammary Uffttn; t model,
along with ather, Is developed quantitatively to show a Ulfti the lims
ol force a distance of only Ion will produce a decrsase In dt heisontal
c.€ mpoat of O. a percent at the equator.
A
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PENNDORF, R. Classification of sprad-F ionograms. J. Abinc. Torrent.
Pls. 24, 771-778 (1962).

Scaling of original ionograzms obtained in the polar regions has lead to
a classification scheme for spread-F ionograms. Defined are three typs
of frequency spreading (spreadish-F, furcated-F and spurred-F) and one
"yp of range spreading. Each typ is subdivided into species. An example
is given for the occurrence of each 4Wp on a magnetically quiet day at six
polar stations. It is found that spreadlsh-F predominates and is found more
often during the daylight hours than at night. The second most frequent
4Wp is range spreading which shows up during the night hours.
A

PENNSYLVANIA STATE COLLEGE. Proc. Conference on Ionospheric
Phsis State College, Pa., 24-27 July, 1950.

The Conference on Ionospheric Ph~ysics .............. N. C. Gerson
Ph~ysics ofthe UpperrAtmoshere .. ................. S. K. Mitra
Constitution of the Upper Atmospbere as Determined
from AuroralStudies . ........... ... . ......... *. .. L. Harang

Plkyica1 Characteristics Of the Upper
Atmosphere.~~~~~~ . . . a . . . . . . 6 T. R. Burulgiat

Corpuscular InWl*enes upon the Upper

The Motions of slow Electrons in Gum.s In Relation
to Ionospheric Shiftes .......... ******. **. . . ........ L. 0. H. H~uxley
O'gI -I to Future Ionospberic .... rc ............ L. V. Borknmi
Dlftusioa Processe in th Ionospher . .. .. ..... * * e * e M. H. Johnson
Evidpnca on ec bnti Processesifrom "Amatory

Measremntsonlomised Gas~es *0 00 .0 . 0 . 00 .0 66 .06 J .. 3.Bowens
A Woopsis of Jcnospbsrlc C ... 0dWdm... ...... .L. 0. H. liuxlsy

AbmsphricScatterbig of Radio Wares, with an
Analiaticm to Radfio AstramoM ......... o... * Ho (3. Booker
"Osga of loeswnp oi Soallering .... .. .. .. .. .. . .. .. W. lDbslngr

'riavW --- DIts imnsIn the Iaomopbere.. ......... D. F. Marfla
The Maueetof WMod Velocties in

lomluation and Reoba~mProcesses 1i the
UWmr Atmopesjie .. ................ 000*0000 ..0 D. I. Rals
Studis of lomospbmric, Reoom z . . ... .. . . . . . . . .. W. Pfister
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Altitude Dependence of Some Upper Atmosphere
Properties ......................... ..... ... E. W. Beth
Effects of the Scale Height Gradient on the Variation
of Ionization and Short Wave Obsorption ................ M. Nicolet
The Far Ultra Violet Solar Spectrum of the Quiet
Sun as It Affects the Ionosphere ................. R. v. d. R. Woolley
The Mechanism of Magnetic Storms and
Aurorae ............ . . ..... . * ......... .. D. F. Martyn
Symposium on the Physical Characteristics of the
Upper Atmosphere ................ Discussion Leader-S. K. Mltra
Symposium on the Characteristics of and Processes
in Ionized Media .... o... .. Discussion Leader-D. R. Bates
Symposium on the Dynamic Characteristics of
the Ionosphere. .. ....... .. Discussion Leader-D. F. Martyn
Excerpt

PHADKE, K. R. Atmospheric noise interference to broadcsting In the 5 Mc
band at Poona. J. Inst, Telecom. Engr.., New Delhi, 1 136-146
(Sept. 1955).

Reports rues surement of atmospheric noise tuterfence to broadcasting
in the 5 Mc/s band at Poona, during the hours 18. 00 to 23. 00 (1. S T. ).by
the method described by Aiya. The results are utilized to compute the
dfta ou soist, necessary for broadcast services. These data are com-
pared with the estimates of CRPL, Washington, at i the measurements
carried out on behalf of the Radio Research Board,. London, at places in
or near India. The discrepancies are explained and it is shown that both
give lower values of noise. Noise levels are estimated from lightning
discharge data and compared with measured values. There is close
agreement between the estimates and the measured values. In all these
comparisons. it is shown that such of the differences, as arise between the
3 Me/s measmuements reported elsewhere and the 5 Mc/a measurements,
arise entirely from the differences In the propagation cbarscriistics at
the two frequencies.
EEA
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PHILLIPS, G. J., and M. Spwncer. The effects of anisometric amplitude
patterns in the measurement of icumpheric drifts. Proc. Phys. Soc.
B 68, 481-492 (1955).

In certain observations of a d&wnooming radio wave, made for the
purpose of measuring horizontal) drifts of ionospheric irregularities, time
shifts between fading curves obtained at three apaced receiving points
ak. used to calculate the velocity and direction of drift of the amplitude
pat*rn ovet the ground, Two simplifying asnumptions about the pattern
are freqwontly mkdt, namely (I) the dctait remains constant as it imoves,
and (1i) it is statistically isometric, i.e. the separatliu of two points for
which the amplitudes have a given fixed cor-elation is independent of
direction.

The errors that arise if assumption (i) to wroug have been considered
in a published paper. But a more general analysis, not relying on either
assumption mow be applied to the three fading curves, and the result ex-
pFe3sed (either analytically or graphically) as the error of a calculation
which makes the two assumptions, Ore important result Is that if assump-
tion (ii) is not valid the error in direction of drift may be quite serious.
Thus, in an application to amplitudb pattercs produced by vertical reflec-
tion at 2.4 Mc/s (principaf~y from the E layer), errors in individual re-
sults averaged 150. Because the structure of the pattern varied from
sample to sample, the error was not, in this case, systematic. But, U
some pplications, a preferred direction of the pattern structure could, if
ignored, lead to wrong conclusions about preferred directions of drift.
A

PHILLIPS, W. E. Atmospric super-refraction and the anomalous
tics of rdowaves olf the coast of Natal, S. African J. SO. , 163-
165 (1961),.

Experimental evidence Indicates that very short radi waves are
propagated close to the surface of the earth over distacm getly to ex-
cas of the optical distaces ruder fvourabl' meorological oanditWoms.
There It furthr evidence that euarw& ths propagated is Ia the naba. of
a groumd wave confined to a "redo duet," and that the, Kennlly-Haviskle
layer plays no prt In such propatio. The dep•ndeance of duct fornm
on the pbenomenon of r sper-refracton is well kown and
osevatiom ta off the coast of Natal are given.
EEA
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PIDDINGTON, J. H. Ionospheric drifts and E region h-regularities. Planetary
and Space Science 11, 639-653 (1963).

Pbysical interpretation of the components of electrodynamic drift of
ionization in a lightly ionized gas. Only one component, representing the
flux of "neutral ionization" appears capable of leading to the formation of
irregularities in the electron density. A satisfactory theory of equatorial
sporadic E, Es, must depend directly on the upward drift of ionization as-
sociated with the Sq dynamo. Two possible effects are discussed. an up-
ward positive gradent of neutral atoms (caused by air turbulence) and an
irregular distribution of negative heavy tons. In each case, strong con-
vergence of electrons may result. A theory of auroral-zone sporadic E
is briefly restated. It depends on the DS dynamo which includea large-scale
shear motions in the magnetosphere, driven by the solar wind. These shear
motions give rise to divergent electric fields in the ionosphere which cause
convergence of neutral ionization in the E-region. These in turn react on
the magnetosphere to cause ion precipitation, which adds a further contri-
bution to sporadic E. Data for temperate-zone sporadic E strongly favor
local winds. The theory of turbulence suggests that the largest wind cells
should provide the highest wind speeds, and thus, the largest dynamo fields
and drift velocities. Such large cells would tend to be free of shear through-
out the E -region. They may cause convergence of ionization at, various
levels according to wind direction. A possible connection between Es and
thunderstorms may be explained in terms of winds extending into the E -
region.
Source unknown.

PIGGOTT, W. R. On the variaion of Loo!ec absor !n at different
sttions. J. Attos. Terrest. Pl~s. 7 244-246 (1SM.

The possibility that the day-to-day oban in absorption at Slough,
Swasea, and Frefbnr are Idetical is exambd tatitcall. After
allowivg for kuowm sources of error, it is cmuldedthat the residual
differences In sunmer months a too smaUl t be sIgnifcnMt, but that it
Is grobable a real difference occur in winer. In both oases the minimum
prbable correatn for the Swsus42a ur very high -
about 0.92.
A
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PIGGOTT, W. R. The measurement of normal E-layer critical frequencies
at night. J. Atmos. Terrest. Phys. _7, 341-342 (1955).

Although the characteristics of the normal F -layer during the day have

,been studied intensively, practically no reliable measurements of its critical
frequency at night have been obtained. Such measurements are needed both
for theoretical purposes and to provide a sound basis for studies of the
propagation of medium waves at night.

Wdentifying the normal E-layer critical frequency at night is, however,
very difficult, because the typical group retardation observed during the day
becomes small when the critical frequency is comparable with the gyro-
frequency and vanishes at lower frequencies. Thus at night the h'f patterns
for normal and sporadic E reflections are indistinguishable.

The difficlty can be overcome by measuring the variation of absorption
with frequency and time during the night, the absorption band associated
with the critical frequency remaining very obvious even when no group re-
tardation can be detected (e.g., for AP' <2 kw).

The shapes of the absorption-frequency patterns, when plotted in the
form (-log/P) against log (frequency), are very similar during any month,
changing slightly with sunspot cycle and perhaps also with season. Using
these shapes, one can deduce the critical fre-4uency with good accuracy,
even when echoes on frequencies below the absorption band cannot be
measured or are -tot observed. It is, however, essential that the measure-
ments should be made at closely spaced frequencies in order to define the

S~shape of the absot:ption band.
The ;:terraive procedure of observing the changes of absorption with

time on a fixed frequency Is not so satisfactory. The observed absorption
contains two terms: the non-deviative loss which decreases steadily with
time, and a deviative loss which firpt increases and then decreases with
time. In addition, there are the disturbing effects of slow period fading
to be eliminated. Thus the interpretation Is difficult, especially when the
critical frequency falls below about 0. 8 Me/s, since it then varies very
&lowly with time.

The results of some typical measurements are shown in Fig. 1. Near
sunset, measurements could be made on fre. *encies above about 1 Me/a,
thus enabling the shape of the absorption band and the critical frquency of
the E-lqer to be determined with considerable accuracy. The deduced
critical frequency could also be confirmed by observing the group retarda-
tion on a normal h'f record. Later, echoes could be detected occasloaUi
below the absorption band with amplitudes rougWy consistent with those
to be expected, but the signal-to-noiee ratio was inadequate for accurate
measurement . The curves shown were obtained at Slough, using a sealer
with a peak output power.of about 0. 6 kW am a standard D.S,1.R. absorp-
tion measuring receiver having a large linear dynamic raWg IPilgott, 195)0.
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Aerials origtially designed to work between 1. 5 Mc/s and 3.0 Mc/s were
employed. Intense medium-wave interference from broadcasting stations
limited the accuracy. It was, however, clear that the experiment would

be very easy, given about ten times as much power from the sender. It
is perhaps worth pointing out that while it is very advantageous to increase
the size of the sending aerials, signal-to-noise ratio is most important
when designing the receiving aerials. Thus the latter need only be fairly
short, but should be carefully balanced to reject vertically polarized
medium-wave interference.

When the main trend of the critical frequency variation had been ob-
tained, it was found possible to identify the absorption band on a few of
the routine h'f patterns obtained at night at Slough. Usually this was diffi-
cult owing to the presence of Eg reflections and occasional fades due to
layer irregularities. An interesting feature of the results was that the
critical frequency was remarkably consistent on different occasions at
corresponding times after sunset, differeuces greater than the experimental
error of measurement being very unusual. The variation with time fitted
a recombination law In which the recombination coefficient was about 1. 10"
for values of critical frequency above about 0. 7 Mc/s, the lowest on which
measurements could usually be obtained with the inuMuient system available.
It was also found that the weaker forms of sporadic E reflections often varied
remarkably smoothly with time after sunset, the average difference between
the critical frequencies of the Es- and normal E-layeru decreasing very
slowly with time. The resultant variation of E8 critical frequency imitates
a recombination law with a very small recombination coefficient.

Thus, useful information about the characteristics of normal E-layer
at night can be obtained using comparatively cheap and simple equipment,
and it it probable that absorption changes with frequency observed with
high-power equipment would be very enlightening.
E'ioerpt

PIOGOTT, W. R. The calculation of the median sky wave field strength In
tropical regions. Radio Res. Special Rept. 27, Dept. of Scientific
and Industrial Research, London (1959).

A brief summary of the characteristics peculiar to low altitude
propagation is given and tme prlciples of the prediction system described.
This to based on and exted the exiset metod. but uses revised values
of the basic parameters and is modified to take advantge of recent work.
The prediction equatws ase presented in unmopram form and enable the
median field strength to be computed for ranges of 0 to 4000 km to amW epoch
in the solar cycle. The run an be extended as required. The parameters
adoted are summarized in an appendix. Curves ana given showing where
aerial polarisation msW be important in determining the field.
A
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PIGGOTT, W. R. A daily index of F2 layer disturbance during the IGY.
IN: Beynon, W. J. G., ed., Some Ionospheric Results Obtained
During the IGY, Proc. Symposium URSI/AGI Committee, Brussels,
Sept. 1959, 116-123 (Elsevier Publishing Co., New York, 1960).

A daily index of F layer disturbance has been constructed for the I. G. Y.
For this purpose the world has been divided into five zones: equatorial,
N.E., N.W., S.E. and S.W. The degree of disturbance in each zone is
estimated using a range of criteria and the days of each month arranged
in order of increasing disturbance. The order is checked by the f-plots
for each day from selected stations and an over-all index allocated. Most
entries are based on observation at 15 well-spaced stations but in cases of
doubt a further 18 have been used. One whole month and selected periods
of others have been checked using every station whose data had reached the
World Data Centre at Slough.
Excerpt

PIGGOTT, W. R. Discrepancies in the ionospheric absorption deduced from
the first order and multiple order reflections. IN: Beynon, W. J. G.,
ed., Some Ionospheric Results Obtained During the IGY, Proc.
Symposium URSI/AGI Committee Brussels, Sept. 1959, 263-269
(Elsevier Publishing Company, New York, 1960).

The well-known difficulties due to the discrepancies between the
ionospheric absorption deduced using the first order reflection and that found
using higher orders are discussed. These discrepancies are due to a sys-
tematic difference in the attenuation of the first order which is, on the
average, 3 db weaker in the day than would be expected from absorption
theory. The anomaly appears to be associated with the changes in fading
between night and day. Data analysed by the standard 1.G.Y. method using
the first order echo only will, therefore, show a systematic difference with
data obtained earlier using other methods. The danger of relying on the
ratio of the amplitudes of the first and second order echoes is stressed.
A

PITTEWAY, M. L. V.. and R. Cohen. A wavegulde interpretation of temperste-
latitude' spread F on equatorial lobograins. aJ. Gopbys. Roe. 66,
3141-3156 (1961).

A wavasulde model is presented for propagation of radio waves along
elongated irregularities aligned parallel to the earth's magnetic field in the
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equatorial ionosphere. This theory is applied to analyze the frequency
spread lonograms often observed during the equatorial night, particular
attention being devoted to the detailed striations of the spread; similar
spread-F striations on arctic ionograms are explained by a corresponding
waveguide theory. The waveguide theory Is consistent with direction-
finding evidence that the category of spread F considered in this paper is
caused by back-scatter in the north-south plane from irregularities that
do not support north-south forward scatter at 50 Mc/s. These echoes are
in contrast to those arriving in the east-west plane from the 'equatorial
spread F' irregularities considered elsewhere, which do support north-
south forward scatter at 50 Mc/s. This paper is concerned with propagation
in an irregular ionosphere, but not with the formation of the Irregularities.
A

PRAMANIK, S. K., and P. S. Hariharan. Diurnal magnetic variations near
the magnetic equator. Indian J. Met. Geophys. 4, 353-385 (1953).

The diurnal variation of H at Huancayo is found to be considerably
larger than that.expected in such regions. McNish (1937) explained the
large variation as follows, According to the dynamo theory the main
electrometric forceu, are induced in middle and higher latitudes, which
drive the current eastwards in low latitude, where, if the geographic
and geomagnetic equaCtors coincide, it is opposed by the electromotive
forces induced there, but If the two equators are apart, then in the region
between these two, the electromotive forces induced there help the current
fluw, resulting in its enhanceuient.
Excerpt

PRAMANIK, S. K., and 5. Yegna Narayanan. Diurnal magntic variation
in equatorial regios. Indian J. Met. Geophys. 3, 212-216 (1962).

The large diurnal variaton inn H at Kodalcana has remained unnoticed
and it was the still larger diurnal variation at Huancayo which wLen examined
by MoNish led to the discovery that ft-e ape~tc diurnal variations there
were markedly different from those eqpected for such a region. McNish's
explanation implied that this Uag diurnal variation at Huancayo was due
to Its position between the geomapetic and mapgetlc equators, and he
pointed out that at places where the magnetic equator was situated far from
the geographic equator an increase of the diurnal variation would occur.
Excerpt
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PRICE, A. T., and G. A. Wilkins. The daily magnetic variations in
equatorial regions. J. Geophys. Res. 56, 259-263 (1951).

A new analysis of the Sq-field for the Polar Year 1932-33 indicates
that the maximum daily variation of H in equatorial regions is to be found
between the magnetic and dipole equators in South America and Africa, but
occurs to the south of both these equators in the Far East. I also appears
that, the line of maximum variation varies in position with the season, its
movement being in the direction opposite to that of the sun.
A

PROBST, S. E., and G. E. Krause. IBM 704 program to determine MUF and
LUF for HF radio propagation. Project No. 625, U. S. Army Signal
Radio Propagation Agency, Ft. MonmouthN.J. (Oct. 1959).

This reports presents a detailed explanation and analyses of an IBM
704 program to determine the Msximum Usable Frequency (MU F) and the
Lowest Useful High Frequency (LUF) for HF radio rropagation. It is
intended mainly to guide programmers toward a comprehensive understand-
lg of the techniqlies developed, so that. it may be used by other organiza-
tions. Necessary details are included so that a program, Appendix A, written
for a specific propagation problem may be tailored to fit any genea-z- MUF-
LUF propagation problem.
A

PURSLOW, B. W. Ionospheric drift In the F2 region near the magnetic equator.
Nature 181, 35-36 (1958).

Measurements of horizontal drifts in the F2-region at Singapore by the
spaced-receiver method Indicate that these are predominantly east-west
with a 24 h.. r period, changing from maximum easterly (- 90 n/see) at
nght to westerly (- 30 m/see) by day. The north-south component is
generally much smaller. These results are in phase opposition to those
found for higher latitudes, and may be !1terpreted as evidence for Martyn's
theory of electromagnetic coupling between the E-region (where tLe lynamo
currents flow) and the F-region along the magnetic lines of force.
PA
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RAJANl, C. V. Wavv-forms of atmospherics at Madras. Nature 138, 1064
(1936).

Describes typical atmospheric wave forms and sound. About 90 percer.t
of observed atmospherics have damped oscillations of 800 to 40, 000 eps.
These "rippled" atmospherics produce jarring clicks. Non-rippled atmos-
pherics (non-oscillatiug pulses) produce ncn-jarring clicks. Frying sounds
are associatecd with quasi-periodic oscillations.

RAKSHIT, H. Estimation of height of Heaviside layers in Bengal. Phil. Mag.
12, 897-907 (1931).

No attempt has been made to estimate height in subtropical regions,
like that of India; to know approximate height of this layer under as widely
varying geographical, geophysical, and meteorological conditions as pos-
sible. Measurements in subtropical climate of Bengal were taken.
El

RAKSHIT, H. Measurement of ionospheric heights at Calcutta during the
Solar Year 1932-1933. Phil Mag. 18, 675-6.e (1934).

Measurements were made at Calcutta of ionospheric heights, using
the group-retardation method and a wave-length of 75 m. The results
obtained during 1932-33 are here summarised and discussed. The results
show that the height of both the E- and F-layers generally reaches a mini-
mum value about mid-day. The height is a maximum about 20 or 39 min.
before ground sunrise and then falls abruptly to the norm d daytime value,
within about an hour after ground sunrise. On an average, the height of either
layer is greater in winter than in summer and 'the noontime lonisation of
either layer is greater in summer than in winter. Echoes from the F-layer
are frequently found at night to be split up into a large number of compo-
nents, due to the influence of the earth's magnetic field. Immediately after
the appearance of such splitting the echoes are found to disappear com-
pletely. A possible explanation of this effect is given. The observations
also indicate the existence of a steeper gradient of ionization density in
the E-layer than in the F-layer. The gradient was found to diminish with
increase of height.
A

389



R

RAMANA. K, V. V., and B Ramnachandra Rao. Invesfti tion of ionosphe~ric
absorption on 5,6,15 Mc/s at Waltar. J. Atrnos. Terrest. Phys .22,

This paper presents the rcsults ,,; ivnosipheric absorption. zreeasure.-
merits conducted at Waltair (Latitude 17.7 0 N, Longttude NI.3E and
Geomagnetic Latitude 7A40 N), during the International C-Iophysic.A1 Year, and
International Geophysical Co-operation periods on a frequecny of 5. 65 Mc/s.

The solar zenit&h distance variation of diurnal acd sezeoftal data, of
absorption follows a taw of the form

8. 7 log p ,(f) coo X dB

only as an approximation. Tho variation. of the cos X index has a significant
negative oorrelation with ZUrich relative sunspot number R.

The monthly mean diurnal variation as well as s~asonal noon-time
variation of absorption confirms, muore precisely, to a law of the form

loý A' B F(f E/f) cosX riepers

where A' is a constant expected to refei to the non-deviativoe absorption in
lower D-region. A' is found to vary iinearly with R.

A method is suggested to estimate the relative amounts of D- and
E -region absorption at noon from the cos X Index data. The absorption
Iloge Pland A' are found to vary inversely as the square of the operating
frequency.
A

RAMANA, K. V. V., and B. Ramachandra Rao. Lunar daily variation of
horizontal drifts in the ionosphere at Waitair. J. Atmor'. Terrest.
Phys., 24, 220-221 (1962).

Data obtained at Waitair (geomagnetic latitude 7. 4V N) during 19,16-1959
wore used to study the lunar tidal effect on E- and F-region drifts. A table
of 12-hourly harmonics of lunar daily horizontal drift is given and shows a
large seasonal amplitude variation of both NS and EW components for the
E -region, and a smaller variation for the F-region. The seasonal, variations
of the 12-hourly drift vectors are incompatible with the tidal wind theory,-
probably due to highly anisotropic irregularities in the ionosphere at
Waltair. There is also a discrepancy between the direction of the
observed drifts at. a given time and the direction that would be expected
from- the lunar barometric pressure oscillations on the ground.
PA
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"UrU gr-at 5olar flar4 of 231 0.. !i5 , a ssf :1;.vrki v•nrqmrrc

efficts at Ahmcdaba,. Prw. Indian Acad. Sci. 43, 3'PA-39iQ1 (1 ,1.

Display record of eosmin' noise on 25 Mc/s showing a 6o) (. 5-0
absorption duirg solar flare of Z:ti Feb 1956i. Tabulate time (4 fadc-out
f(,- half-dozcn h-f communication circuits and mention vertical-incldenee
pulse absorption.

M

RAMANATHAN, K. R., R. V. Bhonsle, and S. S. Degaonkar. Effect of
electron-ion collisions in the F region of the ionosphere on the
absorption of cosmic radio noise at 25 Me/s at Ahmedabad. Changes
in absorption associated with magnetic storms. J. Geophys. Res.
66, 2763-2777 (Sept. 1961).

Measurements of cosmic radio noise at 25 Mc/s, made at the Physical
Research Laboratory, Ahmedabad, since March 1957, show much larger
values of absorption than those observed by Shain and Mitra in Australia.
This fact, together with the empirically known dependence of the absorp-
tion on the critical frequency of the F region, and the effect of magnetic
storms on the absorption found from the Ahmedabad obbervations led the
authors to examine the different possible parameters that may affect
cosmic-noise absorption. It was found that electron-ion collisions in the
F region both below and above the level of maximum electron density
contribute in a substantial way to the absorption of cosmic radio noise.
The values of hourly absorption due to collisions of electrons with neutral

particles and with ions were calculated for a period of 6 days in August-
September 1957, when there were three magnetic storms. The results
obtained show a depletion of electrons above F maximum on the day follow-
ing the commencement of the magnetic storm and a refilling on later days.

The results are discussed in relation to findings from satellite observa-
tions about particle fluxes in the Van Allen belts during magnetic storms.
A

RANGARAJAN, S. The sporadic-E layer at Kodaikanal. J. Geophys. Res. 59,

239-246 (1954).

An examination of the ionospheric records at Kodaikanal, which is
located almost on the geomagnetic equator, reveals that the sporadic-E
layer here has some regular features not observed at other latitudes. It

"391



c~i>n nt ar!ý ýJ:i s.4 ~ht T.ai& h)'&1,: (juring th4. daviflwh I vt
main of* i Es art utscrvtd; • i• ev, (11 tht., 1paitLh- tvpW ith -A well-
marked di... noa variiAl~An and (2) which c1:cur.% mostly during afterno(•FX.
It is found that nither rweeori-rc activity nor thunderstorm activity has any
appruciable influence on the forinm&ton of eith er of the two types of Es.
No correlation is observed between Es and the geomagnetic field.
N

RANGASWAMY, S., and S. C. Krishnan. Ionospheric obseri-ations at Madras.
during IGY and IGC. J. Inst. Telecom. Engrs. 8, 239-245 (1962).

Diurnal variation of critical frequency and height of maximum
ionization noted by Ionospheric Station of All India Radio at Madras is show',
to follow trend recorded in other "equatorial" staticns; occurrence of
spread echoes follows "equatorial" pattern and has inverse relationship with
geomagnetic activity; sporadic E is cor mon during daytime but valties of
fLý are significaatly lower tha,;- those observed at equatorial stations like
Trivandrum, Tiruchirapalli and Huancayo.
Z2 7

RANGASWAMY, S. _Lunar control of noon critical frequencicz of the F2-region.
J. Atmos. Terrest. Phys. 25,,545-549 (1963).

This note deals with the variation dit noon critical frequencies with the
phase of moon at three "equatorial" stations. The mean variation for a
lunation was determined separately for the three seasons, namely the
June-and December solstices and the equinoxes, for Madras (magnetic lat.
5. 3°N). The phase of the lunar variation in the . ne solstice differed from
that in the December solstice by nearly 5 hr (or 1500). The amplitude in
June solstice was about half that In December solstice. The phase of the
equinox variation was nearly the same as in northern summej'. The ampli-
tude of the mean annual variation in 1957 and 1958 (sunspot rmaximum) was
found to be nearly half of the amplitude in 1954 (sunspot minimum) while the
phase for the two epochs is nearly constant. The reduction in amplitude in
1957-58 is due to large phase difference of the variation in the different
seasons,

For coin parý,son, data from Kodaikanal (magnetic lat. 1.80 N) and
Huancayo (magnatic lat. 0Q) have been analyzed. The seasonal change In
phase of the lunitr semi-diurnal variation was found to be about 90' for
Huancayo betw:een the solstices and about 1500 for Kodaikanai. The value
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dk the ipase, or iiuancayu in 1)i57-59 when conpar.ed %,;th that in 194•-44

shows that the change in phase is tw, e in 1957-59 that in i941-44 for the
two solsti"'es. !t is tentatively concluded that the seasonal change in phasw
ot the lunar variation in critical frequenicy varies with latitude and sunspot
activity.

The above results can be summari'ed as follows:
(i) The phase of the semi-diurnal lunar variation at low latitude stations

changes from the June solstice to December solstice. This dtiterence in
paisse is sometimes as large as 150W. The lunar variation referred to is
with reference to solar control hour of noon. The large phase difference
of the lunar variation between th• seasons has the effect of decreasing the

arv'iitude of the mean annual variation.
di) The seasonal difference in phase varies with latitude.

(iii) There seems to be a relation between the sunspot activity and

seasonal change in phase. Further work is in progress to determine the
change in seasonal characteristic of the phase with latitude and sunspot

epoch.
Excerpt

RANGASWAMY, S., and K. B. Kapasi. A study of equatorial spread-F. J.
Atmos. Terrest. Phys. 25, 721--731 (1963).

Data from seven statiorni ranging in magnetic dip from 0° to 44° N have
been analyzed to study night time and seasonal variations of spread-F
through nearly half a solar cycle. It is observed that the inhibition of
spread-F due to geomagnetic activity is maximum in the equinoxes, In the
belt of magnetic dip 00 to 100 a second peak in the occurrence of spread-F
is observed during the night hours.

At a tY.. .c.! erIatnripl station, the occurrence of spread-F is observed

to increase with sunsp4 aumber. A similar variation is observed in h'F

also. At stations with magnetic dip ) 18°, the occurrence of spread-F
increases with sunspot number in equinoxes but decreases with sunspot

number in summer. A significant lunar variation is observed in the occur-
rence of equatorial spread-F which suggests that electrodynamic drift plays

a major role in the occurrence of equatorial spread-F.
A
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1( .\ ), A. Samn Asi, atnu B. I(arnaiandra Rtao. lkt.ioadit i h_2rg
at W"dtair. J. Atm.us. '•r'rcst. hys.•. 2.'5. 249-202 (1963).

Results of analysis oi drift measurements made at Waitair for F2-
region over :a period of 21 ycars are presented. The main features of the
diurnal and seasonal variation of drifts in the F2-region at this low lati-
tude statior are given in detail. These are compared with earlier results
from high, middle and low latitude stations as well as results obtained at
this same station by previous workers.
PA

RAO, A. Sanyasi, and B. Ramachandra Rao. Horizontal drifts in the E-rogion
at Waltair. J. Atmos. Terrest. Phys. 26, 399-415 (1964).

Results obtained at Waltair un the measurement of ionospheric drifts
for the E-region over a period of 2 years by spaced receiver technique
are presented in this paper. The main features of the diurnal and seasonal
variation of drifts in the E-region at this low latitude station are given in
detail. These are compared with earlier results from other latitude sta-
tions as well as those obtained at this same station by previous investigators.
A

RAO, B. C. Narasinga. Studies of equatorial F region. Scientific Rept. 9,
National Physical Laboratory, New Delhi, (1 Dec. 1962).

The characteristic features of the equatorial F-region are studied
using the published data. The study reveals some important differences in
the equatorial anomaly in the Asian, African, and American zones. The
location of the F-region equator is examined, and the results indicate that
the F-region equator does not correspond exactly to *he magnetic-dip equa-
tor, but is shifted slighly toward north in the Asiat. and American zones,
and slightly toward south In the African zone. The diurnal variation of
F-region critical frequency showed peculiar post-sunset rise in the transi-
tion region. This is found to depend on the solar activity and the character-
istic post-sur et rise in the height of the equatorial F-region.
STAR
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IRAO. B. C. Narasinga. Some characteristic features of the equatorial

ionosphere znd the location of the F-region equator. J. Geophys.
Iles. 68, 2541-2549 (1963).

The characteristic features of the equatorial F region are studied using

the published ionospheric data. The study reveals some important differ-
ences in the Asian, African, and American zones. In the diurnal variation
of fVF, there art, two pe~aks, one in the forenoon and the other in the after-

noon, in the Asian zone, whereas the afternoon peak is absent in the Ameri--

can zone during sunspot maximum. The width of the equatorial trough is
smaller in the American than in the Asian zone. The location of the

F-region equator is examined; the results indicate that the F-region does
not correspond exactly to the magnetic dip equator but is shifted slightly

toward the north in the Asian and American zones and slightly toward the

south in the African zone.
A

RAO, B. C. Narasinga. The postsunset rise of f F 2 in the transition region
and its dependence on the postsunset rise of hbF in the equatorial
region. J. Geophys. Res. 68, 2551-2557 (1963).

In the transition region lying between the equatorial a.omaly region

and the middle latitudes a characteristic postsunset rise in f F is observed
during years of high sunspot activity. This phenomenon is found to depend
on the evening height rise in the equatorial region. The analysis presented

in this paper substantiates the view that the ionization lifted mver the equa-

torial region is transported along the magnetic liras of force to the transi-
tion region.
A

RAO, B. Ramachandra, and E. Bhagiratha Rao. A continuous radio wave
method of studying travelling disturbances in the ionosphere. J. Sci.

Indus. Res. 13A, 462-466 (1954).

Different methods of Jeterminin& ionospheric drift are reviewed, and
the new method, whic', involves measurement of the time difference

between passage of peculiar peaks on continuous ioxospheric records,

betweon one sta~in and another nearby station with tawiA:y the same ire-
quency, described n dtailed and numerical examples cited and records
presented by way of illustration. The stations cited are Calcutta, and Dacca,
in 41 m band. Dato for May and June 1953 show movements ranging from
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7 to 21 knin/min, over' a distance of 120 km. Reasons for assuming the drift
to lie in the F rather than the E layer are given. Movements are usually
toward the south (N-wind) but one case shows opposite drift.

N

RAC, B. Ramachandra, and B. C. Narasinga Rao. A continuous wave radio
e~thod of studyingn the variation of criticai frc ucncy of the E-rekgion

of the ionosphere. Proc. Mixed Commission on the Ionosphere, Brussels,

16-18 Aug. 1954, 103-107 (1954).

A new type of fading observed at Waltair during morning hours on
signal-strength records of medium waves from Madras (640 kin) is inter-

preted as due to variations of the equivalent paths in the ionosphere of

singly and doubly reflected waves as the critical frequency varies. The
period of fading depends on the actual rate of critical frequ.-cy variation,

arid almost minute-to--minute variations of foE can be determined over say
half an hour to an accuracy greater than 0. 01 Mc/s, assuming there is no

layer lifting in the ionosphere.

PA

RAO, B. Ramachandra, M. Srirama Rao, and D. S. Murthy. A note on
ionospheric wind measurements at Waltair (India}. Proc. Mixed

Commission on the Ionosphere, Brussels, 16-18 Aug. 1954, 158-161
(1954).

Fading patterns of pulse signals received at three stations forming a
right-angled triargle (N-S and E-W spacings - 110 m) have been used to
measure daytime "wind" velocities and directions in the E-region (using
2. 5 Mc/s) and F-region (using 5. 9 Me/s). Results indicate velocities nf
40-80 m/sec (E-region) and 80-120 m/sec (F-region). In winter the direc-

tion is predominantly towards the S.W. both for the E- and F-regions; in
summer tuwards the E. (E-region) and the N. W. (F-region).

PA

RAO, B. Ramachandra, M. Srirama Rao a..d D. S. Murthy. Investigation
of winds in the ionosphere by spaced receiver method. J. Sci.

Indus. Res. -15A, 75-91 (1956).

Dal.!aih of equipment and results of sounding6 presented In text and
illustrations (recorder records), polar diagrams showing seasonal va ia-

tion of wind movements in the E and F region in winter from NE and sum-
mer (W in E layer, indefinite in F); wiring diagrams, etc. based on

spaced receivw r observations (MITRA, 1949), mane at the Ionospheric

Laboratory at Andhra Univ., Waltair, India, in 1954 using 3 receiving
antennas and one pulse sender operating in the 2-6 Mc/sec range with a
pulse width of 200 microseconds.
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RAO, B. Ramachandra, and K. V. V. Ramana. Diurnal variation of ionospheric

absorption on 5. 65 Me/s at Waltair during the IGY. J. Sei. Indus. Res.
17A, 56-58 (1958).

Using the reflected-pulse technique, the dependence of absorption at

Waltair (17'N, 83 0 E) on the cosine of the Lolaia zenith angle has been
det,krmined. A mean value of 1. 25 was wuand iur the exponent ol the cosine
term, and the average ratio of summer to wintf.r noontime absorption is
2.2.
PA

RAO, B. Ramachandra, and E. Bhagiratha Rao. Effect of enhanced solar
activity on the F region drifts at Waltair. J. Sci. Indus. Res. 17A,
59-62 (1958).

Evidence of marked anomalies in the diurnal variation of F2 region
drifts observed at 170N, 83E are reported for days on which prominent
solar flares occurred. These results can be explained by invoking a
reversal of the S field in the dynamo region at this latitude on solar flare
days.
PA

RAO, B. Ramachandra, and E. Bhagiratha Rao. Horizontal ionospheric drifts
in the F2-region at equatorial latitudes. Nature 181_, 1612-1613 (1958).

Measurciaients using the spaced-receiver method at Waltair (17043 1N)
have shown that both the N-S and E-W components have a predominant
24 hr period, with a net direction which changes in a clockwise sense. The

direction of Jrift is opposite to that observed at higher latitudes, in agree-
ment with lMiartyn's theory.

PA

RAO, B. Ramachandra, and D. S. Murty. A new continuous wave radio method
for the study of ionospheric drifts. J. Sci. Indus. Res. 17A, Suppl.,

63-67 (1958).

Mrair, jonospberic drifta by re,:rding oignalb from distant trans-

mitter on 3 receiving antennas. Analyze time displacements of fading as in
Mitra method. Compare results with standard spaced-receiver pulse

method, say very consistent. State can measure drifts in different parts of

ionosphere from central observing station.
M
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RAO(, !. ltamachandra, E. Bhagiratha [lao, and Y. V. Ramana Murty. Effect
of magnetic activitj on drifts of the F2 region. Nature 183, ("i7-668
(1959).

Contrary to the results obtained at highcr latitudes, it is found that at
Waltair (9°N), the F2-region drift speeds decreas,, linearily with inCrea ing
K- index.
PA

RAO., B. RalI:tchandra, and E. Bhagiratha Rao. Study ol horizontal drifts in
tht- F 1- and F2- regions of the ionosphere at Waltair (17A43'N, 83°18'E,
mag. lat. 9'30'N). J. Atmos. Terrest. Phys. 14, 94- 10(6 (1959).

Results of the analysis of drift measurements made at Waltair for the
Fl- and F2-regions over a period of 2 years are presented in this paper.
rhe main features of the diurnal and seasonal variation of drifts in
F2-region are given in detail. The general pattern of drift movements for
this low latitude station is found to be in phase opposition to those observed

a' high latitudes, thus confirming F2-region drift theory given by Martyn
(1955).
A

RAO, B. Ramachandra, and R. Raghava Rao. A new type of ionospheric drift
recorder. J. Atmos. Tcrrest. Phvs. 21, 208-210 (1R61). -

The spaced receiver mnethod deývulped iv M itra (1949) ha,, bete, used
extensively by several investigators for rniaurvment of thorizontal drifts
in the ionosphere as it has ,he main advantage that it can be used practically
all the time. The methoo is, howevei,, lalorious particularly as it involves
photographic recording of the fading signals and analysis of r-,cords. ThP

need has been long felt for the development of an instrument in which the
time displacements are directly recorded. The Phillips recorder (1955),
dev\eloped with thifs end in viewk, has the major advantage over signal

recording methods that the time delay is recorded with its proper sign as a
dcflection on a pen recoý,der. Although the Philips recorder is decidedly an
improvement over the usual method, it has the drawback that the recorder
does not work reliably at all times and further considerable calculation is
involved in order to obtain averal',e tirnm displacements. In this communi-

cation the authors prcsent a brief description of a new type of drift recorder
developed by them which gives the average time difference betweL.e any two

fading records from spaced aerials.
While all the previous methods for ionospheric drift measurements

are concerned with measuring time displacements by comparing the actual

fading patterns and recording ti1a difk-renc, between maxima or minima,
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the present method is based on the principle of introducing a time delay

into one of the pair of time varying fading signals such that there is no net

average time difference between them. In other words the delay introduced
will be such as to compensate tLi average time difference originally exist-

ing between the two signals. This variable time delay is introduced by

using a magnetic tape recorder with a continuously driven endless tape and

a manually variable record-repr,duce head separation. The block diagram
of the entire experimental set-up is shown in Fig. 1

Signals from aerials A , A and A situated at the three corners of a
right-angled triangle are feb into three idenLical BC 348 receivers conver-

ted for pulse operation. A one-pole two-way switch S permits the com-
parison of fading oi signals from either aerials A 1A or A A . The

amplified and detected signals from either of these pairs of aeria-ls is fed
into gated integrators I and II to isolate one of the required signals from
the ionosphere and integrate the pulses (which have a repetition frequency
of 50 c/s) to give a smoothed d. c. output signal whose variation is a true

replica of the original signal. The output from the gated integrator I is fed
into a frequency modulator, which generates square waves the frequency of

which vary from 4- 2 to 9. 8 kc/s as the input signal varies from minimum
to maximum, the range of input signal variation being 24 V. The frequency
modulated signals from this unit are fed into a magnetic recording head
which is in contact with a magnetic tape driven at a speed of 7. 5 in/sec.
The signals recorded on the magnetic tape are received b7, a reproducing

head and the distance between it and the recording herd can be varied con-

tinuously, so that a known time delay is introduced in the signal. It is
found that the maximum separation required does not exceed 10 in., cor-

responding to a delay of about 1-1/2 sec. The signal from the reproducing

head is fed into an amplifier and demodulator stage, the output of which is

a true rY-plica of the original signals but with a time delay. The outputs

from th,3 demodulator and the gated integrator II are adjusted to be equal

and are fed into a double triode balanced cathode follower amplifier

between the cathodes of which is placed an a. c. mitliammeter. The deflec-

tion in the detector, due to the a. c. voltage between the cathodes, is a

function of the time delay between thcŽ almost similar input signals. When

the time delay between the signals is adjusted on the average to be zero, the

deflection in the a. c. milliammeter will be a minimum. By manually vary-

ing the reproducing head position to give minimum output in the a. c. detec-

tor, and noting the distance between the record and reproduce heads and

the speed of the tape, the time delay T is obtained. This minimum is

observed only if the signal output of receiver 2 is delayed with respect to

that of receiver 1. In cases in which the time delay is the other way, the

receivers connected to the gated integrators are inter-changed by a

double-pole double- throw switch S so that the signal whose phase is ahead

is fed into the tape delay system following the gated integrator 1.
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The main advantage of this method is the simplicity in obtaining average
time delay without having recourse to taking fading records. The accuracy
of delay control setting for minimum in the detector is not high, but the
overall accuracy can be improved by taking the average of several observa-
tions. The recorder has the limitation that it can record a minimum time
dc)a', of 0- 70 sec. A detailed paper giving all the technical details will
short.'y be ruh~lish--Žd elsewhere.
Excerpt

RAO, B. Rwitaehandra, and K. V. V. Ramana. Variation iii height of
anisotropy mnd random drift velocity of the irregularities in the
ion sphre. Nature 190, 706-707 (1961).

Horizontal drifts of ionospheric irregularities, at heights between 100
and 400 kin, were studied in South India by the spaced receiver method,
using pulses at several radio frequencies. The elongation of the irregu-
larities, and the rate of random change of the fading pattern, were found
to be much greater at 270 to 290 km than at other heights.
PA

RAO, B. V. T., and M. K. Rao. Ionospheric absorption over Delhi. J. Inst.
Telecom. Engrs. 4, 205-208 (1958),

An automatic method of measuring ionospheric absorption on vertical
incidence pulsed transmissions has been developed. The equipment and some
preliminary observations have been descr ,ibed earlier (see B. V.-T. Rao 1958).
Regular measurements by this recorder were commenced in June 1954 and
are still in progress. Further measurements made till October 1957 are ana-
lyzed here. Absorption was measured on. 5 Mc/s every day at midday and at
different times on other occasions. Theý analysis of data reveals the fol-
lowing: (a) runnmng average of the monthly midday absorption is well cor-
related with corresponding running average of sunspot numbers; (b) the
diurnal variation factor n has been evaluated on some occasions and has
been found to lie within the ra1i, c 0. 33 -1. 13 With more- than 80% of values
between 0. 33 and 0. 9; (c) in the evaluation of relaxation time, two maxima
of -absorption, one in tht.; forenoon and the other in the afternoon, have been
occasionally observed although there are a few clear instance of only one
postnoon maximum; (d) attempt has been made to work out seasonal varia-
tion of midday absorption from the measurements. The results described
are rather tentative as measured values of ionospheric absorption spread
over a large number of years are required for arriving at definite conclusions.
EEA

RAO, C.- S. Raghavendra. Solar tidal effects in the F2-region of ionosphere
over Delhi. Indian J. Phys. 31, 516-525 (1957).

lonospheric d~q~i collected at Delhi over the period 1946-1955 have been
analyzed for these uifects. The method developed by Martyn and extended
by Mitra has been utilized for the purpose. The magnitude and phase of the
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drift velocities for the different seasons and the relative importance of the
drift velocity are determined. While the seasonal velocities have been
found to be of the order of 20. 18 and 33 km/hr tur summer, winter and
equinox months, the ratio of the seasonal fo semi-diurnal velocity has been
obtained to be of the order of 1.5. This agrees well with the result obtained
by Martyn. The observed var'•tions in Nm have been explained in terms of
the phases of the drift velocities. The values of the attachment coefficient
for the three seasons of the year have also been determined taking the tidal
effects into consideration. These are found to agree fairly well with the
recent results of Ratcliffe et al.
PA

RAO, C. S. R., and J. C. Bhargava. MUF factor and solar activity. Indian
J. Phys. 34, 85-91 (1960).

Deals with the variation of M(3000)F 2 factor with sunspot activity. The
ionospheric data for Delhi and Ahmnedabad for the period 1950 to 1958 have
been considered. The analysis indicates that a fairly good linear relation-
ship exists between M(3000)F 2 and sunspot number for both the places. A
preliminary study of the variation of Ym and ho with sunspot activity
(Ahmedabad) has also been made.
PA

RAO, C. S. R., and T. N. Ranganathan. Ionosphere over Trivandrum--Part I.
J. Inst. Telecom. Eixgrs. 6, 161-167 (1960).

This paper deals with the study of some of the characteristics of the
F2 region of the ionosphere over Trivandrum, where an ionospheric station
was established towards the end of 1956. The data obtained during 1957 have
been utilized for studying the total electron content of the F2 region and the
calculation of the recombination coefficient and the .temperature of the F2
region. The total electron content in a vertical column of unit cross-section
below the level of maximum ionization has been studied for different times
of the day and for summer, equinox and winter seasons of the year. Analysis
of the data indicates that the diurnal variation of the total electron content
is smoother than that of the electron density. The 'bite-out' effect observed
in the variation of electron density is completely removed when the variation
of electron content is considered. The recombination coefficient has been
calculated for different seasons from & consideration of the rate of variation
of the total electron content at times equally spaced but on either side of the
local noon. The values obtained are comparable with those found elsewhere.
The temperature of the F2 region has been arrived at from a consideration
of thb scale height. Atomic oxygen has been assumed~to be the main con-
stituent in the F2 region. The temperature varies from about 800°K to
I1800 K at different times of the day. The existence of such.high temperature
at the F2 region has been confirmed from recent rocket and :satellite
explorations.
A
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RAO, C. S. R., and S. C. Bose. Electron distribution in ionosphere over

Trivandrum. J. Inst. Telecom. Engrs. 7, 181-188 (1961).

Records taken at Trivandrum from Apr 1959 onwards with manual
ionospheric equipment installed by Research Department of All India
Radio; preliminary study of electron distribution in ionosphere is made by
obtaining N(h) profiles from h'-f curves.
EI

RAO, C. S. R. Study of the geomagnetic anomaly during sunspot maximum.
-1. Atmos. Terrest. Phys. 24, 729-737 (1962).

The data on the critical frequency of the F2-layer and N(h) profiles ob-
tained for a number of stations during the IGY have been utilized in this paper
in a study of the geomagnetic anomaly In the F2-region. Data for the months
of September 1957 and March 1958 have been considev'ed as representative
of the equinoxial months during a year of high sunspot activity.

Using the N(h) profile data, the subpeak electron content of the ionosphere
has been obtained. Curves showing the latitudinal variation of maximum
electron density (NmF2) and of subpeak electron content (nt) have been drawn
and compared for all the even hours of the day. The following facts are
observed:

Starting as a flat one before sunrise, the maximum electron density
curve develops an equatorial maximum after sunrise. This maximum
becomes strong at 1000 hours local time. At 1200 hours this maximum
shifts to the middle latitudes (between 300 and 400) leading to a shallow
trough at the eNquator. The trough becomes more pronounced during later
hours and is maintained up to midnight. From then onwards it gradually
disappears, giving rise once again to the flat curve observed just before
sunrise. The subpeak electron content curves show a similar trend. The
daytime maximum of the curve is, however, between latitudes 150 and 200.

Comparing the maximum electron density curves obtained above with
those obtained during a year of sunspot minimum activity, the trends are
seen to be similar. The equatorial trough, however, develops much earlier
(3-4 hr) and also disappears much earlier during the sunrpot minimum year.

Diurnal variation curves for both maximum electron density and sub-
peak electron content for the magnetic latitudes 0-60°N have been drawn at
intervals of 10 0 and compared. The variations of subpeak electron content
are smoother.

Martyn's theory of horizontal divergence of ionization from the magnetic
equator accounts for the general features observed here. But the phase shift
between the sunspot minimum and minimum years remains to be explained.
A

RAO, C. S. R., and M. Sain. Total electron content in F2 layer over Madras
during 1959. J. Inst. Telecom. Engra. 8, 179-186 (1962).

Some characteristics of F2 layer of ionosphere over Madras for period
Feb 1959 to Jan 1960 studied; data for both quiet ani disturbed days is
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ana;yzed; diurnal variation of F2 layer critical frequency for dij:ferent
months; total electron content in vertical column of unit cross-*ection
below level of maximum ionization is calculated, on assumption of para-
bolic distribution, for different times of day and for different seasons.
EI

RAO, C. S. R. Some pectalarities in the diurnal variation of maximum
ionization density of the F2 layer. Nature 198, 276-277 (1963).

Firstly, a curious reduction is noticed in the increase, between low
and high sunspot activity, of the before-noon peak in foF2 for those stations
which exhibit the midday 'bite-out'" effect. Secondly, the linear relation-
ship between f0 F2 and the 12 months' running average sunspot number, R,
does not seem to hold good for R greater than about 150.
PA

RAO, C. S. R. Sporadic-E and the equatorial electrojet. J. Atmos. Terrest.
Phys. 26, 417-427 (1964).

An analysis of characteristics of sporadic-E at Indian and American
equatorial stations has been made for quiet and disturbed days during the
year 1958. The analysis reveals certain differences between the two chains
of stations which indicate a possible difference in the width of the equatorial
eiectrojet at the two zones. In both the annual and seasonal variations on
quiet days, values of Es are always higher at Indian stations. Disturbed
day value of fEs is lower than on quiet day. Latitudinal variation of the
noon fEs on ouiet and disturbed days has been drawn for both the zones and
a difference in the two zones found to occur. In addition, it is observed
from the superposed epoch method of analysis for disturbed days, fEs
shows a drop compared to the quiet day values and the amount of drop is
reduced as one goes away from the magnetic equator. Corresponding dips
are found in the values of the horizontal compcnent of the earth's magnetic
field. The differences observed in the two zones, possibly due to the
effect of the equatorial electrojet are pointed out. The percentage occur-
rence of Es also shows characteristic diurnal variation in all seasons at
the two zones. The latitudinal variation of the percentage occurrence of
Es shows considerable differences indicative of a possible difference in the
width of the electrojet at the two areas.

The variation of noon MEs with sunspot activity for Indian stations shows
that thcre is an lncreasa in fEs with increase in sunspot number. The
increase up to a sunspot number of about 100 is not much; but afterwards
the rise if fairly rapid and linear up to a very high sunspot number. This
is compared with the corresponding f0 F2 variations which show saturation
effects after a sunspot number of about 120.
A
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RAO, C. V. S., and S. N. Mitra. Spread F and geomagnetic activity. J.
Geophys. Res. 67, 127-134 (1962).

Ionospheric observations on the occurrence of spread F at Trivandrum
for the period March 1957 to February 1960 have been analysed to study
the correlation between geomagnetic activity and spread F. An inverse
linear relationship has been found to exist between the two parameters. On
all quiet days, spread F starts after sunset and rapidly reaches a peak at
about 2000 hours 750 EMT, falling off slowly toward morning. On dis-
turbed days, spread F is apparently less than that on quiet days and the

| diurnal characteristic tends to attain a second peak after midnight. On
magnetically stormy days, the behavior of spread F is somewhat variable.

These phenomena are discussed in the light of the theory of spread F
recently developed by Martyn (1959). Some of the observed characteristics
of spread F over Trivandrum are in agreement with this theory.

A

RAO, E. Bhagiratha, and B. Ramachandra Rao. Diurnal variation of F1
region drifts at Waltair. Current Sci. (India) 30, 9-10 (1961).

Gives an account of the year-round diurnal study of the F 1 region.
Except for a few observations, the F1 region drift measurements have not
been reported so far from any other station. The present communication
contains the results of F1 regional diurnal study carried out for all the
four seasons of the year, during the period of 1956-58, at Waltair, using
the spaced receiver method of Mitra. The operating frequency for each
observation took into account the critical frequencies of E and F rew.ns.

1At noon time the drift speed may be said to be a little higher than at other
hours. A graph depicts the diurnal variation of F1 drift direction for four
seasons. In winter the F1 drift was directed towards SW throughout the
duration of 0800 to 1600 hours when observations were possible. In all the
other seasons the drift direction was towards NE in the morning and
evening hours.
MGA

RAO, E. Bhagiratha, and B. Ramachandra Rao. Travelling disturbances in the
F-region over Waltair (India). J. Atmos. Terrest. Phys. 20, 296-217
(1961).

Travelling disturbances in the F-region have been studied extensively
by Munro (1950, 1953) who has utilized the effect of these disturbances on
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the P'-t records at three widely spaced points to study their horizontal
movements. Abnormal patterns in the ionosonde records reported from
some low latitude stations such as Singapore (Hon yung Sen, 1949;
Osborne, 1951) and Ibadan (Skinner et al., 1954) were considered to be due
to thick layer structure and stratification, but Munro and Heisler (1956)
showed that these may be interpreted as due to a change of distribution of
ionization due to the passage of a travelling disturbance. In this communi-
cation the authors present a description of the general characteristics of
travelling disturbances as observed at Waltair on the P'-t and P'-f records.

Occurrence of travelling disturbances during night-time has not yet
been reported by earlier investigators. The authors have been noticed that
the travelling distrubances were observed at this station during the earlier
part of the night. In all such cases it is found that the separation of o and
x rays in small. Fig. 1(f) shows one such obsErvation taken during the
night with , y type compl.!.ity. It is interesting to note that the o ray and
the complexity disappear abruptly at 1915 hours.
Excerpt

RAO, E. Bhagiratha, and B. Ramachandra Rao. Simultaneous study of drifts
at different levels in ionosphere by spaced receiver method. J. Brit.
Inst. Radio Engrs. 22, 507-510 (1961).

Results of simultaneous study c drifts in F1 and F2 regions of iono-
sphere measured at Waltair, India )ver period of 2 yr; F2 drift speeds are
generally found to be higher than Fi drift speeds measured simultaneously;
drift measurements in F2 layer are affected under certain circumstances
by drifts in Es region.
El

RAO, E. Bhagiratha, and B. Ramachandra Rao. Horizontal drifts in the iono-
sphere in relation to random fading. J. Sci. Indus. Res. 20B,
301-303 (1961).

Fading and drift measurements in the ionosphere, carried out for a
period of two years (1956-58) at Waltair at frequencies of 4. 6, 5. 8, and
7. 0 Mc/s, were analyzed. It was obst rved that a linear relationship exists
between drift speed and fading frequency. The spread angles for the three
frequencies 4. 6, 5. 8 and 7. 0 Mc/s, which were found to be small, show a
gradual decrease with increase in frequency. The possible reasons for
obtaining spread angles lower than those reported by earlier investigators
are given.
PA
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RAO, G. L. Narayana, and B. Ramachandra Rao. World wide study of
horizontal drift and anisotropy of ionospheric irregularities in the
E-region. J. Atmos. Terrest. Phys. 25, 553-569 (1963).

An attempt has been made to study the lati~ude variation of anisotropy
and drift parameters of ionopheric irregularities in E-reglon using IGY data
of Waltair, Yamagawa, Debilt and Halley Bay. A systematic variation in
most of the drift and anisotropy parameters is observed from equatorial to
very high latitude stations with the exception of polar regions for which the
values are found to be entirely different. Harmonic analysis of N-S and
E-W components has shown that the semi-diurnal componcnt i., predominant
in all stations except Waltair. The sense of rotation is found to be clock-
wise in northern hemisphere for all stations except Yamagawa and anti-
clockwise in southern hemisphere. The results were compared with those
of earlier investigations at different latitudes.
A

RAO, G. L. Narayana, and B. Ramachandra Rao. World wide study of
apparent horizontal movements in F2-region of the ionosphere. J.
Atmos. Terrest. Phys. L6, 213-229 (1964).

The paper presents the results of the study of latitude variation of
apparent horizontal movements in the F2-region of the ionosphere using the
data procured from the World Data Centre for the year 1958. The mean
drift speed is found to decrease from equator and after reaching a mini-
mum around a latitude of 400, it increases. From the harmonic analysis of
the NS and EW components the latitude variation of the prevailing 24-hourly
and 12-hourly periodic components of the drifts has also been studied. The
steady component is significant at all stations. The NS component of the
steady drift is in general less than the EW component. The EW component
of the steady drift is towards east at low latitudes and towards west at high
latitudes, the changing over taking place at a geomagnetic latitude of about
30*N. The orientation of the steady drift vector changes systematically in
a clockwise sense from low latitude to high latitude stations. The diurnal
drift vector is very much larger than the semi-diurnal drift vector at low
latitude stations whereas at middle and high latitude stations the
semi-diurnal drift vector is greater than the diurnal drift vector. The
24-hourly drift vector which has a maximum value at the equator decreases
with latitude and after reaching a minimum around 300 geomagnetic latitude
it continues to increase. There is a systematic increase in the amplitude
of the 12-hour" drift vector with increase of latitude. Both the 24- and
12-hourly drift vectors rotate clockwise in the northern hemisphere and
anti-clockwise in the southern hemisphere.
A
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RAO, K. S. Raja, and K. R. SivaaiLanan. Lunar geomagnetic tides at
Kodaikanal. J. Geophys. Res. 63, 7277730 (1956),

Following the mathematical development of Chapman and Miller, Tschu
has described a practical method of determining the lunar diurnal variation
of geophysical elements. By the application of-Tsebu's method, the lunar
semi-diurnal variation of the horizontal intensity of earth's magnetic field
at Kudaikanal in the geomagnetic equatorial region is worked out for f;",
winter solstice by making use of the hourly values of the horizontal i- ensity
for the period 1950 to 1954.

The expression AH - 3.22 sin (2r - 395 0,4') Y is obtained for the lunar
semi-diurnal wave. A graph of A H against the age of the moon is drawn.
From the graph, it is seen that the amplitude of the lunar geomagnetic tide
is maximum when the sun and the moon are 1350 apart. The solar diurnal
variation is also determined up to four harmonics.
A

RAO, K. S. Raja. On the seasonal variation in lunar and solar geomagnetic
tides in the g•omagnetic equatorial region. J. Atmos. Terrest. Phys.
20o 289-294 (1961).

Following the method outlined by Chapman and Miller (1940), the
lunar L(H) and solar S(H) geomagnetic tides at Kodaikanal (geomagnetic
latitude +0. 6) are determined for the three seasons -December solstice,
June solstice and equinox, making use of the hourly values of horizontal
intensity for the years 1950-1955. The seasonal variation of the ampli-
tude of L(H) at Kodaikanal is compared with similar results for Huancayo
(geomagnetic latitude -0. 6*) and Ibadan (geomagnetic latitude +100). It is
seen that the amplitude of L(H) at Kodalkanal is larger in December solstice
than in June solstice, similar to the variation at Huancayo and Ibadan. It
is, therefore, concluded that the ionospheric currents causing geomagnetic
tides are not symmetrical with respect to the geomagnetic equator; but the
southern hemispheric currents extend into the northern hemisphere up to
10*N geomagnetic latitude in December solstice. It is likely that the
region of separation of the northern and southern hemispheric currents Is not
static, but oscillates northwards and southwards across the geomagnetic
equato . The type of seasonal variations in the amplitudes and phases of the
lunisolar variations is markedly differunt from the variations in the higher
latitudes. There is no significant seasonal variation in the amplitude of
S(H) in the geomagnetic equatorial region.
A
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"RAO, K. S. Raja, and M. Panduranga Rao. On the location of the ionospheric
current system causing geomagnetic solar flare. J. Atmos. Sci. 20
498-501 (Nov. 1963).

The geomagnetic crochet3 recorded at Alibag, Annamalainagar and
Trivandrum by the solar flare of 12 July 1961 are examined with reference
to the normal Sq currents prevailing over these stations at the time of the
solar flare. The large change in declination at Alibag and changes in hori-
zontal intensity a.; Annamalainagar and Trivandrum indicate that the solar
flare current system is an intensification of the normal Sq current system.
Evidence in favor of this conclusion is sought for in the solar flare effects
recorded at Alibag by the flares of 19 November 1949, 19 March 1948, and
14 October 1963. A plot of the amplitudes of the solar flare effects in the
horizontal intensity at Alibag, Annamalainagar and Trivandrum during the
period 1958-59 shows daytime enhancement of the flare effect at the latter
two stations only, indicating a close connection between the crochet current
system and the electrojet. It is therefore established that th,• crochet
curren.. L, an enhancemcwL vf the normal q current system.
PA

RAO, M. K., S. C. Mazumdar, and S. N. Mitra. InvestigFaion of ionospheric
absorption at Delhi. J. Atmos. Terrest. Phys. 24, 245-256 (1962).

An analysis has been presented in this paper of the measurements of
ionospheric absorption taken at Delhi (280351N, 7705 1E) for the period
1954-1960. The measurements were carried out by means of an automatic
absorption recorder where the ionospheric absorption was directly recorded
on a pen and ink recorder. The analysis of the observed data indicates that
the frequency variation of absorption obeys approximately an inzerse square
law. The diurnal variation factor for D-layer absorption is 0. 77. Seasonal
variation of absorption indicates higher absorption ih winter than what one
would normally expect from the diurnal variation factor. The relaxation
time is approximately 40 min. A well-defined and consistent pre-noon
maximum has also been observed about 40 min before noon. Residual
absorption at night is quite low and is of the order of 2-3 dB. There is no
significant relationship between magnetic activity and ionospheric absorp-
tion at Delhi. The decrease in absorption after the occurrence of a radio
fade-out follows closely the change in the signal from the D-region of a
distant longwave transmitter (164 kc/s) indicating that most of the absorp-
tion at our latjtude is from the D-layer.
A
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RAO, M. Mukunda, and B. R. Rao. The effect of electrojet on the seasonal
variation of sporadic-E. J. Atmos. Terrest. Phys. 25, 571-576
(1963).

In the present communication, an attempt has been made to judge the
extent of electrojet from the seasonal variation curves of foEs. From the
analysis of the E data for the Indian Ionospheric stations near the mag-
netic cquator, it is noted that the change over from the tropical type of
E to the equatorial type is observed to take place between magnetic dip
50 and 100. The dependence of the electrojet on the sunspot activity as
judged by the seasonal variation of E has also been studied.
A S

RAO, M. X. Pnd A. P. Mitra. Effect of vertical drifts on the nocturnal
ionization of the lower ionosphere. J. Atmos. Terrest. Phys. 13,
271-290 (1959).

Effect of vertical ionic drift velocities on the night-time ionization
density in the lower ionosphere for heights ranging between 80 km to 130
km is studied by a method of successive approximation. Values are also
given of the effective recombination coefficient as a function of height and
time for these drift veloir ies. Velocities ranging from 1 to 20 km/hr are
used. The resultant ionization profiles for velocities 1-5 km/hr represent
magnetically quiet conditions, while those for higher velocities would repre-
sent disturbed conditions of increasing severity. It will be noted that the
ionization density decreases for upward drift and increases for downward
drift.

The present work provides a quantitative explanation of the sudden
cessation of night-time echoes of low-frequency rdlio waves at times of
magnetic disturbances, such as those observed at thd Pennsylvania $tate
University (Lindquist, 1953).
A
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RAO, M. Srirama, and B. Ramachandra Rao. Long-period fading in
medium-wave radio signals. Nature 176, 459-460 (1955).

Fading of transmissions on 1. 42 Mc/s from Madras received at
Waltair, 600 km distant, in May 1954 showed a period of 7 min, decreasing
with time (7 h to 8 h). This agrees with calculations based on magneto-
ionic theory. I

RAO, M Srirama, and B. Ramachandra Rao. Investigation of magneto-ionic
fading in oblique incidence medium-wave transmissions. J. Atmos.
Terrest. Phys. 12, 293-305 (1958).

Periodic fading of magneto-ionic origin observed in oblique incidence
medium-wave records as interpreted theoretically by calculating the phase
paths by a graphical integration method assuming Chapman and parabolic ion
distribution. Analytical expressions have also been derived for phase paths
of both magneto-ionic components by an approximate method involving the
use of an empirical formula for q-x curves. The theoretical values of
fading periods compared very well with the experimental data, the agree-
ment being particularly good for the case of Chapman distribution.
A

RAO, M. S. V. Gopal, B. Ramachandra Rao, and P. Ramachandra Rao Pant.
Fading of c. w signals as a means of spread F study. Current Sci.
(India) 29, 304-305 (1960).

At night the fading rate of 'a1. 7 Mc/s c. w. signals reflected obliquely
from the F region is markedly increased when spread F conditions are
observed by vertical incidence sounding.
PA

RAO, M. S. V. Gopal, B. Ramachandra Rao, and P. Ramachandra Rao Pant.
Correlation of spread-F activity with F-region height changes. J.
Atmos. Terrest. Phys. 17, 345-347 (1960).

A new scheme of spread-F indices is developed to suit the equatorial
spread-F observations and applied to estimate the correlation coefficient
between spread-F activity and F-region height changes.
A
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RAO, M. S. V. Gopal, and B. Ramachandra Rao. Effects of equatorial
spread-F irregularities on c. w. transmissions. Canad. J. Phys.
39, 596-603 (1961),

A study is made of the effects of spread-F conditions on c. w. trans-
missions between Colombo and Waltair over a distance of about 1300 km.
It is shown that under suitable conditions increased fading rate of the
reccived c. w. signsls is a sufficient indication of spread F and gives a
genuine index of its intensity. Pulse and c. w. methods are used simul-
taneously to study the time variations of spread-F intensity at separated
points. The results indicate that the horizontal extent of spread-F occur-
rence in the N-S diiection is greater: than 650 km. The probability dis-
tributions of signal amplitudes in the c. w. fading records were closer to
Rayleigh type under normal conditions than during spread-F conditions.
It is suggested that the c. w. flutter fading is caused by the presence of
spread-F irregularities ii- the appropriate zone of reflection in the
F-region of the ionosphere.
PA

RAO, M. S. V. Gopal, and B. Ramachandra Rao. Nocturnal and seasonal
variations of equatorial spread F. J. Atmos. Terrest. Phys. 22,
12-22 (1961).

A new classifieation of spread-F echo patterns based on the relative
amplitudes of the echoes is described and discussed. The results of
nocturnal and seasonal variations in spread-F at Waltair 4re presented
and a comparison is made with data of other equatorial stations with par-
ticular reference to that of Kodaikanal. Difierences in the seasonal behavior
of spread-F within a geomagnetic latitude range of 0 to 07° are considered
in relation to the equatorial electrojet.
A

RAO, M S. V. Gopal, and B. Ramachandra Rao. Equatorial spread F in
relation to post-sunset height changes and magnetic activity. J.
Geophys. Res. 66, 2113-2120 (1961).

Equatorial spread F, magnetic activity, and post-sunset rise in h'F
are sttudied in detail as three parameters, and correlations in the variations
in each of the three pairs are examined for all the seasons. Partial cor-
relations are sought to examine the independent influence of magnetic
activity and h'F changes on spread F. It is observed that the time of maxi-
mum spread F on each night is effectively controlled by the magnitude of
the h'F change between 1800 and 1900 LT. The results are discussed in the
light of the recent theory of spread F outlined by Martyn.
A
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RAO, M. S. V. Gopal, and B. Ramachandra Rao. The correlation of spread
on one night and the successive nights. Indian J. Phys. 36, 190-492
(1962).

A correlation of coefficients of spread-F on one night anc the succes-
sive nights was estimated and it was found that it is positive and significant
for a 24 hr time shift for Waltair data. Data for the first half night showed
better correlation both for 24 and 48 hr time shifts. There is a distinct
seasonal variation In the correlation. The correlation for Kodaikanal data
is not significant for most of the year.
PA

RAO, M. S. V. Gopala, and B. Ramachandra Rao. Phenorniea during the
growth and decay of spread-F. J. Brit. Inst. Radio Engrs. 25.
445-448 (1963).

Continuous observation0j of the ionospheric echoes at the time of the
onset of spread- F and during the decay of the same, yielded useful
information. Two different types of spread-F iset are described. An
attempt is made to find out whether the F-layer drift spreads measured by
the three station method on 5. 6 Mc/s at 1830 hours 1. t. are related to the
magnitude of spread-F that is likely to occur later in the night.
A

RAO, N. S. Subba, and Y. V. Somayajulu. A peculiar type of rapid fading in
radio reception. Nature 163, 442 (1949).

While studying the field-strength variations at Waltair of transmissions
from certain broadcasting stations of the All-India Radio, a peculiar type of
rapid fading, which does not appear to have been reported so far, was
observed during the summer months on the 41- and 60-metre bands. The
phenomenon may briefly be described as the apparent existence on the
carrier, at the receiving end, of a permanent modulation of 2-3 cycles per
second. When the programme is on, there is superposed on it a variation
in intensity at frequencies ranging between 2 to 3 cycles per second. This
gives the impression of a quivering or fluttering of the transmission. This
phenomenon is therefore referred to here as the 'flutter phenomenon'. The
effect produced in the loud-speaker by the 'flutter' is somewhat similar to
the beating of two notes of nearly the same frequency. When the quasi-
frequency of the 'flutter' becomes large, it produces a most annoying effect,
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and listening to a programme becomes almost impossible. The effect is

further accentuated by occiisional large amplitude of the 'flutter'.

A study of the phenomenon with respect to the evening aid night tran3-

missions of Al-India Frdio AMadras) showed the fU4lowing features: (t) It

occurs only during the summer months. In 1948 it started about the second

week of February and continued to the end of June almost every day. (I)

The 'flutter' appears at about the period of sunset. The quasi-flutter fre-7

quency is low (about 20-30 c /min-.) before sunset, but increases (to 120-140i-,.

c. /min.) up to a point in tha night and thereafter remains practically con-

stant.
Although this effect *as observed on the Madras transmissions, It was

noticed on the 41-, -49- and 60-metre bands transmissionsl from othir

stations of All-India Radio as well., and oceasicnally on the 19-metre bind.

It is completely absent on the medium wave-band..

A trace of galvanometer records incorporated in a field-strength

measuring equipment is given in the accompanying diagram- curve (a)

refers to All-India Radio (Madras) on 41 metres; curve (b) to the Colombo

transmissions on 61 metres; and curve (c) refers to the transmission of

All-India Radio (Trichinopoly) on 396 metres. The curves were taken at

2000 and 2045 hr. I.S.T., on June 16, 1948,.
It is seen from the curves that there is a slow fading with periods

ranging from 3 to 4 sec. giving rise to what clearly appears ts the usual

slow type of fading, the signal strength fluctuating between 2,000:. #V./m.

to 200 AV. /m. Superposed on this are the small, fine discontinuities which

make the trace appear rugged. It is this rugged structure which is noticed

as the 'flutter'. At the point marked X, the number of theie discontinuities

is 12 in a period of 5 sec., that is, it occurs at intervals of approximately

0.5 sec. or at a frequency of about 140 cycles per minute.

The rugged structure of the curves reminds one of the irregular scatter

groups obtained by Eckersley and the occurrence of flickering reflexions

from the F-region reported by Beckmann, Menzel and Vibig. A peculiar

type of rapid fading (about 37 cycles per minute) was observed by Appleton i

and Beynon during the period of sunset due to the reception of the Pe.dersen

ray. The phenomenon described here tls different frcm 'he above in that

the rapid fading noticed by the above authors was owly during a period of

14 min. passing through sunset; but the one described here commences about

the period of sunset and persists over long periods. Therefore the iono-

sphere must in some way be responsible for the 'flutter' phenomenon, al-

though the exact method of production of this effect is not klown. If the rapid

movement of the ionic clouds across the F-layer is a regular process as

observed by Wells, Watts and G-orge, the effeot reported above may be

produced by thc s clouds. The speed and the number of clouds that pass

a given point in space may to a large extent determine the frequency of

the rapid fading produced.
Complete
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RAO, N. S. Subba, and Y. V. Somayajulu. The influence of weather
conditions on long distance short wave transmission. Proc. Indian
Acad. Sci. A 31, 42-55 (1950).

The field strengths at Waltair, of signals radiated from Madras,
Calcutta and Bombay stations of the All India Radio on the 41 and 49 m
"bands, have been studied over a period of 7 months. The measurements
have been made between 7. 30 hr to 9. 00 hr Indian Standard Time daily.

S•'The day-to-day variations of the field strengths of the received signals are
presented, month by month, in the form of graphs and discussed. The
study of these curves shows that:: (1) During the wet season there is a

* definite relationship between the field strengths of the received signals and
the percentage humidities in the atmosphere along the path of the wave-a
rise or fall in humidity producing a corresponding fall or rise in the
received signal strengths. (2) Further, these effects are more pronounced
when the percentage humidities are 85%. (3) In cases where the humidities
are much.lowver, there appears to be no relation between these two quan-

..tities. This abnormal transmission, especially durig the wet season, is
trabed to reflection- at low levels, produced by clouds or zones of conden-
sation or-by-water vapour molecules themselves.
EEA

RAO, P. Balarama. and B. Ramachandra Rao. Height variation of drift and
anisotropy of the ionospheric irregularities. J. Atmos. Terrest. Phys.
2ll 231-238 (1964).

The variation of drift and anisotropy characteristics of the ionospheric
irregularities with true height has been studied following the "correlation
function method" of Brlggs et al. and Phillips and Spencer. Three station
fading records on various frequencies adopting Mitra's technique, as modified
by Rao% Rao and Murthy, are obtained on nine different occasions and these
are utilised in the present investigation. Various parameters describing
the drift and anisotropy of the Irregularities are averaged from total dat-*
for different height levels and are presented along with the results of their
gradient in the form of tables. The results which revealed a distinct
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maximum in the random changes as well as in the elongation of the
irregularities in the height 'ange of 200-300 kin, suggest that this height
range may be the possible location of the irregularities causing spread-F
and radio star scintillation.
A

RAO, P. Balarama, and B. Ramachandra Rao. Seasonal and diurnal variation
of the drift and anisotropy parameters of the irregularities iin the E and
F regions of the ionosphere. Proc. International Conference on the
Ionosphere, London, July 1962, 363-369 (The Institute of Physics and
the Physical Society, London, 1963).

The correlation analysis of Briggs et al. (1950) and Phillips and
Spencer (1955) has been applied to the fading of radio waves reflected from
the E and F regions, observed at three closely spaced receivers. Histo-
grams are presented to show the distribution of occurrence of various
parameters describing the ground diffraction pattern. The importance of
random changes relative to pure drift in producing the fading is also
indicated.
A

RAO, P. Balarama, and B. Ramachandra Rao. Effect of magnetic activity on
drift and anisotropy of the E- and the F-region irregularities. J.
Atmos. Terrest. Phys. 26, 445-456 (1964).

In this communication are presented the results obtained from the
correlation analysis of the three station fading records taken during
magnetically disturbed conditions for the E- and the F-region reflections.
The results oi the present investigation are compared with those reported
by Rao and Rao (1962) for magnetically quiet conditions. Diurnal curves
for various parameters are presented along with that of the magnetic K
Index with a view to studying the variation in relation to the magnetic activ-
ity. The relation between the drift speeds at the E- and the F-region levels
and the magnetic K index has also been studied by means of correlation
coefficients using a large number of observations tckken over magnetically
quiet as well as disturbed conditions. The effect of magnetic activity on
various parameters observed at this low latitude station are discussed in
the light of the results reported from a similar study at Cambridge by
Fooks (1961).
A
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data is utilized as it has bLen abserved that night-time reflections from the
E -region do not show any appreciable variation in the reflection level.S~S
Day-time drift speeds in the E-region show very little variation, and sin(e
the analysis is made by considering a large number of day-time observa-
tions together, minor diurnal and seasonal variations are smoothed out. In
view of the fact that E-region drift speeds at Waltair show a positive cor-
relation with magnetic activity as reported by Rao and Rao (1961) only quiet
day observations are utilized in this study. The drift speed data isgrouped
into three virtual height ranges corresponding to 95-105, 105-115 and,,,
115-125 km and the averages of the drift speeds in each of these groups are
taken to correspond to the virtual heights of 100, 110 and 120 km. The
results thus obtained are ,given in Table 1 along with the gradients estimated
for the two height ranges of 100-110 and 110-120 kmn. The average gradient
for the entire height range is 0. 74 m/sec/km. Although there is indication
of a slightly lower gradient at higher levels, this result may not be regarded
as significant in view of the fact that only approximate values of virtual
heights are used.

Estimates of height gradients. of drift speed are available for the height
range of 80-100 km by the meteor method. Greenhow (1955) has obtained a
value of 2.5 m/sec/km, and Elford and Robertson (1953) reported a value
of 3. 6 m/sec/km. The result obtained in the present investigation is less
than that obtained by the meteor method. Winkleman (1956 reported a value-
of 4. 9 m/sec/km for the height gradient of drift speed by the spased
receiver method from observations on a frequency of 310 kc/s taken on
eleven nights. Considering the fact that our observation at Waltair refers to
higher levels and a lower latitude, complete agreement with the few results
so far reported from higher latitude stations is not expected.

Results from other lower latitude stations are not available for
comparison.
Excerpt

RASTOGI, R. G. Intermediate la!ers of ionization between the E and F1
layers of the ionosphere over Ahmedabad (23°N, 720E). Proc. Indian
Acad. Sci. 40, 158-166 (1954).

Plots observed penetration frequency and virtual height for ionospheric
layers, including E2. Says critical frequencies for E2 vary with cosine of
solar zenith angle to power 0. 38. Finds true .heights correspond well with
heights of ionization maxima determined from rocket data.
i41M
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RASTDGI, R. G. , and R. M. Sheriff. A note on radio field strength observa-
tions made at Ahmedabad during the total solar eclipse on 30 June 1954.

• J.. Sci. Indus. Res. 14A, 159-161 (1955).

In order to study ihe effects of the solar eclipse on 30 June 1954 on
the propagation of radio waves, the field strengths of the transmissions

* from the British Broadcasting Corporation (London) on 15.07 Mc/s. and
from Moscow on 15.36 Mc/s. were recorded at Ahmedabad (23°02VN,
"72°38?E) during the eclipse day and a few days before and after it.

The readings were taken every half a minute. During rapid fadings,
the average meter readings were noted. The meter readings were con-
verted into signal input voltage, and they were averaged for every 5 min.
period. Signal strength (5 min. average) was plotted against time on all
control days and on the eclipse day. The curves for all the control days
were similar except that for 3 July 1954. The field strengths on that day
were markedly higher than those on the other control days and were,
therefore, not included for averaging.
Excerpt.

RASTOGI, R. G. The occurrence of high multiple reflections from the F2
region of the ionosphere based on a study of the Ahmedabad records.
Proc. Indian Acad. Sci. 41, 253-260 (1955).

Shortly after the installation of the automatic ionospheric recorder
at Ahmedabad in January 1953, it was observed that on certain nights
groups of pulses other than the regular ones moved swiftly across the
time base on the monitor oscilloscope. On the P'-f records, they pro-
duced traces which started from below the ground pulse and crossed the
various P'-f traces. Examples of such records are shown in Fig. 1.
After the first three months of regular P'-f recording, the phenomenon
was not observed for some months, but reappeared clearly in Dezember
1953 and January 1954. A study of the phenomenon was then undertaken.
A

RASTOGI, R. G., R. M. Sheriff, and N. G. IIanda. Some measurements of
the signal strengths of radio waves reflected from the ionosphere
durN the solar eclipses of 30 Jurn 1954 and 20 June 1955 - Solar
Eclipses and the Ionosphere supplement, J. Atmos. Terrest.
Phys. 6, 137-142 (1956).

The signal strengths of radio waves from B.B.C. transmissions
on 15.07 Mc/s were measured at Ahmedabad during the 1954 eclipse,
with control observations on a few preceding and succeeding days. The
signals, which could have been either by two-hop or three-hop reflections,
showed well-marked increases in intensity during the eclipse. The increase
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of signal strength ib considered to be due to a decrease of attenuation in
the Fl-layer. Similar measurements were carried out for the 1955
eclipse at Trivandrum, on the radio transmission from Colombo on 4.87
Mc/s directed skyward, and at Ahmedabad on 7.19 Mc/s. Here again
the signals showed well-marked increases of strength during the eclipse.
In both cases the signal intensity rL.urned to its normal value well before
the end of the eclipse,. The reflections observed at Trivandrum could
have been from F1, if there was an Fl-layer. Near the geomagnetic
equator, however, F1 is not usually observable at this hour of the day.
Probably the reflection took place from F2, with decrease of attenuation
mainly in Fl. The reflections observed at Ahmedabad should have been from
E, and the decrease of attenuation during the eclipse should have taken
place below F.
PA

RASTOGI, R. G. Two types of development of the E2 layer at Ahmedabad.
J. Atmos. Terrest. Phys. 9, 71-72 (1956).

The sequence of phenomena leading to the separation of the E2 layer
in the morning hours after high-level sunrise indicates the presence of
certain atmospheric constituents in the neighbourhood of 150 km which
are photo-ionized by the solar radiation. Further, the frequent appearance
of a stratified ionized layer at 150 km during night indicates that there
exists a sensitive and stable region for the formation of an ionized layer
at about 150 km over the tropics.
N

RASTOGI, R. G., and R. Sethuranam. Field strength measurements of
radio waves during the partial solar eclipse ot 14 December 1955
at Ahmedabad. J. Sci. ludus. Res. 15A, 303-305 (1956).

Measured field strength of obliquely reflected radio waves during
2 solar eclipses. On 7 Me/s, field strength went down, on 9 Mc/s
went up. Relates to vertical Incidence frequencies.
M

RASTOGI, R. G. Vertical ionospheric soundings at Ahmedabad during total
solar edlpse on 30 June 1954. Proc. Indian Acad. Sci. 4, 422-
429(1957).

No "betract available.
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RASTOGI, R. G. Thunderstorms and sporadic E layer lonisation Indian J.
Met. Geophys. 8, 43-54 (Jan. 1957).

The paper describes the results of vertical P'-f recordings of
ionospheric reflections carried out during the passage of thunderstorms
over Ahmedabad. The thunderstorms were found to be accompanied by
an inciease in sporadic E ionization as shown by a rise in the maximum
frequency of the Es or an increase in the intensity of reflection from Es.
A

RASTOGI, R. G. On the variation of noon and sub-solar critical frequency of
the E and F1 layers of the ionosphere with solar activity. Proc.
Ind. Sci. Congr. Session, Calcutta. Part IV, 49 (1957).

No abstract available.

RASTOGI, R. G. Vertical ionospheric soundings at Ahmedabad during partial
solar eclipse on 14 December 1955. Proc. Indian Acad. Sci. 47A,
65-76 (1958).

Results of critical frequency and minimum equivalent height measure-
mentst for all the layers observed at Ahmedabad are given. The variation

was roughly consistent with that of a Chapman layer with a - 0.8
There was no clear effect of the eclipse on the El and E2 layers,

although the critical frequencies were in general lower on the eclipse day;
the Es layer was unaffected. The variation of foF1 was irregular but .,,owed
a decrease; fOF2 was higher on the eclipse day than on the control days, but
the rate of increase of fOF2 was reduced. There were indications of the
formation of an F1 1/2 layer during the latter part of the eclipse.
PA

RATOGI, R. G. A study of the noon critical frequencies of the E and F1 layers
of the lonosqhere. Geolis. Pura e Appl. 40, 145-156 (1968).

The mean monthly noon critical frequenuies of the E and F1 layers of
the ionosphere at a number of stations in different latitudes and their varia-
tion with sunspot number have been studied in this paper. It is found that
while the Z layer approximates to a Chapman region, the F1 layer is
markedly affected by other agencies, somewhat similar to F2. in h1g0
sunspot years, f0F1 shows two maxima at middle latitudes with a minimum

at the equator.
A
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RASTOGI, R. G. Vertical ionospheric soundings at Ahmedabad during the
partial solar eclipse of 19 April 1958. J. Sci. Indus. Res. 18A,
123-126 (1959).

The changes in the ionospheric layers are described. The critical
frequencies of the F2 layer show a large depresEdon during the eclipse
compared with control days. The E and E2 layers show effects similar
to the F2 layer, but much feebler. The changes in the F2 layer were
found to be mainly due to the lowering of the layer peak. The changes in
the F2 layer during this eclipse are compared witl those of other solar
eclipses which occurred in the forenoon hours.
PA

RASTOGI, R. G. Magnetic control on the variations of the critical frequency
of the P2 layer of the ionosphere. Canad. J. Phys. 37, 874-879
(1959).

The paper discusses the comparative influence of the true magnetic
and smooth geomagnetic latitudes on the diurnal and latitudinal variations
of the critical frequency of the F2 layer• (fOF2) at low latitudes. The diurnal
variations of fOF 2 are shown to differ considerably at stations having the
same geomagnetic latitude, but the discrepancies disappear when the true
magnetic latitude is taken into consideration. The latitudinal variation
of noon values of fOF2 is also shown to present discrepancies for low
latitude stations in the geomagnetic latitudes plot, but on true magnetic
latitude plots the points fall regularly along a smooth curve.
A

RASTOGI, R. G. Geomagnetic influence on the Fl- and F2-regions of the
lonsphere-effect of solar activity. J. Atmos. Terrest. Phys. 14
31-40 (1959).

Thb, paper discusses the geomagnetic influence on the noon critical
frequencies of Fl- and F2-layers in different seasons and at different
stages of solar activity. The Fl-layer is bund to be affected by the
magnetic field only in years of high solar activity. The equatorial
depression of noon fOF29 is, on the other hand, most prominent In years
of low solar activity.
A
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RASTOGI, R. G. The diurnal development of the anomalous equatorial belt
in the F2 region of the ionosphere. J. Geophys. Res. 64, 727-732
(1959).

The latitudinal variation in the critical frequency of the F2 layer was

studied for each hour of the day during the equinoctial months of a year at
sunspot minimum. The middle latitude maxima first develop at low
latitudes and shift poleward with the progress of the day, the course being
reversed in the evening hours. The double maxima in the diurnal variation
of f0 F2 are less separated with increasing latitude and finally converge to
a single maximum at a dip of about 25*. These two anomalies in f0 F2 are
suggested as being due to the vertical drift of ionization, together with its
motion towards the poles in the morning and towards the equator in the
afternoon. Other anomalies of F2 can also be explained by a meridional
transport of ionization.
A

RASTOGI, R. G. A synoptic study of the F2-region of the ionosphere in the
Asian zone. J. Atmos. Terrest. Phys. 18, 315-331 (1960).

A detailed study of the variation of f0 F2 at ionospheric stations in the Asian
zone shows that the region of maximum f0 F2 varies with the time of the day
as well as with the season. The anomalous belt of the F2-layer develops
at the equator near sunrise and slowly expands with the progress of the day,
and is most extended during the afternoon hours.

Multiple splittings in the F-region and other abnormal P'-f recordings
observed at middle latitudes are shown to be associated with some striking
features in the synoptic distribution of f 0 F2. The abnormal recordings can
be explained on the basis of horizontal movements in the ionosphere, being
in the east-west direction before sunrise in the morning or after sunset in
the evening, and in the north-south direction during the forenoon.
A

RASTOGI, R. G. Abnormal features of the F2 region of the ionosphere at some
southern high-latitude stations. J. Geophys. Res. 65, 585-592 (1960).

The variation of the midday value of the critical frequency of the F2
layer (foF 2) with magnetic dip shows asymmnetry between the northern and
southern stations of the west (Ameriean) sone, but not of the east zone.
The control by the earth's magnetic field is indicated in the latitudinal
distrWbution of even the midnight values of foF2. The diurnal variation of
f0F2 at Port Locitroy shows abnormal minimum at riddaiy and maximum
at midnight during the summer months. These asboomal features of the
F2 layer at Port Lockroy are explained on the basis of the horizontal
transport of ionization as guided by the earth's magnetic field.
PA
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RASTOGI, R. G. Asymmetry between the F2 region of the ionosphere in the
northern and southern hemispheres. J. Geophys. Res. 65, 857-868
(1960).

The paper- describes the asymmetry in the seasonal variations of the
critical frequeni-y of the F2 layer at high-Latitude stations in the northern
and soutl-ern hemispheres during the years of minimum sunspot number.
The variations of the F2 layer at pairs of stations similarly situated on
opposite sides of the equator are studied for different hours of the day and
for different stages of solar activity. During years of low sunspot number,
the curves of seasonal variations of fOE, foF1 as well as f0 F2 are very
similar to each other, and the well known summer decrease of noon fOF2
is not present at southern stations. The various hypotheses advanceda
to explain the abnormalities in the F2 region are examined to explain
the asymmetry, and a plausible cause is suggested on the basis of wind
systems in the F2 region, mainly the horizontal transport of the ionization.
A

RASTOGI, R. G. Propagation of radio waves reflected from the ionsphere
during solar eclipses. Geofis. Pura e Appl. 45, 123-152 (1960).

No abstract available.

RASTOGI, R. G. Lunar tidal variations in the critical frequency of the F2
layer at equatorial and tropical latitudes. Symposium on Ionospheric
Soundings in the IGY/IGC, 11-16 Dec. 1961.

No abatract available.

RASTOGI, R. G. The morphology of lunar semi-diurnal variation in fOF2
near solar noon. J. Atmos. Terrest. Phys. 22, 290-293 (1961).

The variations of the midday critical frequency of the F2-layer, fOF2,
with the phase of the moon are computed for eighteen stations within about
:k4O" latitude during a period of low sunspot activity. The results show
that the phase of the lunar variation of f0 F2 is determined by the magnetic
and not by the geomagnetic or the geographic latitude. The reversal from
the equtorial type of variation with a maximum near 04 lunar hour to the
higher latitude type with a maximum near 10 iunar hour occurs at about
*110 magnetic latitude. The variation of amplitude with latitude shows a
sharp maximum on the magnetic equator, associated with the equatorial
electro-Jet, and two broad maxima at about *200 moagetic latitue. The
latter are closely associated with the well-known maxima in the variation
of noon f0 F2 with latitude.
A
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RASTOGI, R. G. Lamar tide in the F2 layer -.of the ionospherd r7ar the geo-a
magnetic equator, Nature 189, 214-215 (1961).

Analysis of the-lunar variation of f0F2 at Leopoldvflie show that.It is
completely out of phase with that at eny other equatorial station, but *
very nearly the same as that at Ahmedabad. This suggesta that similar-.. -

lunar variations of f0 F2 occur at stations having the 99me magnetic latitude" -
rather than the same geomagnetic. 1titude..
PA

RASTOGI, R. a. Some effects of geont at on the F2 region of.the

ionosphereover Leopoldville (4.4 0 S, :I. •. Ixo- . Indian Acad.
Sci. A 54. 155: 160 (196:1),'.

In view of the large differences between variations in fJF2 c' lbadan'-

and Leopoldville a stady .of theeffect ofjgeomagnetic disturbances at these
two locations was made. Curves showing the variation,: with time, of NmF2,
h'F2,. hmF2 or hpF2 on both quiet and disturbed days-are given for the two
stations. At Ibadan values of NmF2 are greater on disturbed days whilst

nmF2 takes higher values on quiet days. There is little difference between
the NmF2 values at Leopoldville on quiet and on disturbed days .. The
values of HpF2 at Leopoldville show an opposite variation to the values of
hmF2 at Ibadan. By considering the ionospheric parameters of other
locations it is concluded that it is the magnetic and not the geomagnetic
latitude that is of importance from the point of view of the effect of geo-,,
magnetic disturbances on the F2 layer.
PA

RASTOGI, R. G. Abnormal variations in the earth's magnetic field and the
ionizations in the F and Es regions of the ionosphere over central
Africa. Abstract acepted by Commission MI, URSI, Fall Meeting
Austin, Texas, 1961.

The geomagnetic and magnetic equators of the earth are most separated
from each other between the longitude +30. Consequently the geomagnetic
and magnetic latitudes of some of the ionosphere stations in central Africa
differ from each other by as much as 160. A synoptic study of the iono-
spheric variations at central Africa stations shows the complete inadequacy
of the geomagnetic latitude to explain the variations.

The solar and the lunar variations of fOF2 at Leopoldville, Lwiro and
Nairobi are distinctively the same as observed at other tropical latitude
stations, though the geomagnpetic latitudes of these stations are about 3-4"8.

Disturbance daily variations or the, atorm-time variations of f0F2 at
these stations show all the features observed at other high latitude stations.
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It is shown that the variations of F2 and Es layer ionizations are
consistent with Cie magnetic and not with the geomagnetic latitude.
A t.

RASTXj-J, R. G. Longitudinal variation in the equatorial electrojet. J. Atmos.
Terrest. Phys. 24, 1031-1040 (1962).

The enhancement of the diurnal range of the horizontal component (H)
of the earth's magnetic field over the magnetic equator, believed to be
due to the equatorial electrojet, is shown to be most pronounced in the
American Zone and least in the Indian Zone, using the data contained in
Egedal's report to IATME, observations by Pramanik et al. [Indian J.
Meteorol. Geophys., Vol. 4, 353 (1953)] for the Indian zone, and the data
at various other observatories collected during the IGY. The maximum
value of the diurnal range in H in each of the zones occurs at a station
closer to the magnetic rather than to the geomagnetic or the geographic
equator. An approximately inverse relationship is found to exist between the
diurnal range and the average value of tI at the magnetic equator. The
longitudinal variation of the ionospheric conductivities, due to the varying
intensity of the earth's magnetic field over the magnetic equator, is found
"to be too small to explain the longitudinal inequalities in the electrojet
Non-uniformities in the distribution of tidal velocities and/or of ionization
densities in the ionosphere over different parts of the earth seem, there-
fore, to be necessary to produce the observed longitudinal variation in the
equatorial electrojet.
A

RASTOGI, R. G. The effect-of geomagnetic activ on the F region over

central Africa. J. Geophys, Res. 67, 1367-1374 2(1962),

This article describes the variations of fOF2 at stations in central
Africa, where the geomagnetic and magnetic equators are greatly separated
from each other. At Lwiro and Leopoldville (geomagnetic latitude
- = 3-40S , magnetic latitude 14 = 16-18*S), the diurnal variations
"of f0 F2 show a single and strong maximum in the afternoon hcurs. The
seasonal variation of noon h'F 2 at these stations has one single maximum
during local summer. An increase of magnetic activity causes a decrease
of the daytin;i values of f0F 2 during local -summer months, but it increases
the same during local winter months. The storm-time variations of f0 F 2
at these stations show a short initial increase with the start of the magnetic
storm followed by a large decrease on the second day of the storm. These
properties of fOF2 are very similar to those observed at temperate latitude
stations. The variations of fOF2 at Djibouti (, = 7°N, JA = 3*N) and
Ibadan (0= 11°N, L - 3°S) are very different from those at Lwiro or
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Leopoldville and are of the equatorial type. It is concluded that the varia-
tions of f 0F 2 at low and medium latitudes are determined by the magnetic and
not by the geomagnetic latitude of the station.
A

RASTOGI, R. G. Enhancement of the lunar tide in the noon critical frequency
of the F 2 layer over the magnetic equator. J. Res. NBS 66D, 601-606
(1962).

The lunar semi-diurnal variations in the midday values of the critical
frequency (fOF2) and the height of the maximum electron density are derived
for the two chains of equatorial stations in South America and India for
the period 1957-58. The latitudinal variation of the amplitude of the lunar
semi-diurnal variation in f0 F2 shows a s"' op maximum over the magnetic
equator in both of the longitude zones. Thk i is an indication of systematic
variation in the amplitude with longitude alon, the magnetic equator, the
maximum occuring in the South American zone (about 0.63 Mc/s) and the
minimum in the Indian zone (about 0.33 Mc/s). Similar longitudinal varia-
tions were indicated in the lunar semidiurnal variations of the horizontal
component of the Earth's magnetic field. The latitudinal variation of the
amplitude of the lunar semi-diurnal variation of hpF2 is opposite to that
of fOF2. The enhancement of the L'nar variation in the F 2 layer ionization
over the magnetic equator appears to be associated with the equatorial
electrojet.
PA

RASTOGI. R. G. Longitudinal inequalities in the lunar tide and in sudden
commencement in H near the mr 'ietic equator. J. Atmos. Terrest.
Phys. 25, 393-397 (1963).

Abnormally large amplitude of lunar semi-diurnal (L2) variation in
the horizontal component v.i earth's magnetic field (H) has been found at
equatorial stations viz. Huancayo (Bartels, 1936) Kodalkanal (Raja Rao
and Sivaraman, 1958) and lbadan (Onwumechilli and Alexander, 1959a).
It was suggested by Onwumechilli and Alexander (1959b) that large lunar
effects in the horizontal component, H, and the vertical component, Z at
lbadan are due to augmentation of the equatorial electrojet. This has
been further confirmed by Forbush and Casaverde (1961) for the equatorial

magnetic-stations operating during IGY in Peru. Rastogi (1963) has shown
that the latitudinal variation in the amplitude of L2 oRcillation in H is. very
similar to that of solar diurnal (Sf) variation in H, Rad thus the enhanced
lunar tide in H at the magnetic equator is closely associated with the
electrojet currents.
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Ferraro and Unthank (1951) noted the similarity in the solar diurnal
variations in the average size of sudden commencement (SC) of H and of H
itself. Comparing the sizes of SC s.t Huanc.•yo and Cheltenham, stations
on the same meridian but at different latitudes, Suguira (1953) noted a
considerable enhancement in the size of daytime SCs near the geomagnetic
equator. Ferraro (1954) found that apart from Huancayo, other stations
eg. Cheltenham; Tucson, San Juan, Honolulu and Watheroo do not show any
exceptional daytime enhancement of SC. The enhancement of SC amplitude
has been found at other equatorial stations also (Srinivasamurthy, 1960,
Maeda and Yamamoto, 1960). It has been suggested by Forbush and
Vestine (1955) that the enhancement of daytime SCs at Huancayo is closely
associated with the electrojet effects responsible for the large diurnal
variation in H there.

Rastogi (1962a, b) has shown pronounced longitudinal inequalities in
the strength of the electrojet, being strongest in the American zone. It
has been sought in the present article if these longitudinal inequalities in
the electrojet are reflected in the previously described effects which are
associated with the electrojet.

To determine the lunar tide in geomagnetism we use the range of H
defined as the average value of H between 1000 and 1400 hours L.S.T.
minus the average value of H for the two intervals 0000-0100 and 2300-
2400 hours L.S.T. The range in H on magnetically undisturbed days of
the IGY and IGC, when the international character figure C was less than
1.2, were arranged into twelve groups according as the lunar phase # or
I - 12 was 0, 1, 2.. .11. Variations with the lunar phase of the average
deviation in the range of H during different seasons for Huancayo and Tri-
vandrum are shown in Fig. 1. The dashed line in the diagram indicates
the lunar semi-diurnal (L2 ) variation derived from the harmonic analysis.
The amplitudes and phases of L2 variation in range of H for Huancayo and
Trivandrum for different seasons are given in Table 1. The phases are
given as the lunar hour when the deviation reaches its maximum positive
value. The probable error in amplitude and phase are calculated according
to method given in Rastogil's paper (1962a).

Referring to Fig. 1 it is noted that the amplitude of L2 variation
in the range of H for any particular season is larger at Huancayo than
at Trivandrum; the phases are however almost the same as the two
stations during the same season. The annual average amplitude for
Huancayo Is 15.6Y occurring at 8.6 lunar hour compared to 7..8Y at
9.6 lunar hour for Trivandrum. It is noteworthy that at both stations
the amplitudes are about twice as large during December solstice than
during June solstice, inspite of the fact that Huancayo and Trivandrum
are in opposite hemispheres and have different local seasons during the
same solstice. This suagests the existence of ta annual effect in the
seasonal variation of lunar tide in the range of H at the magnetic equator
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Table 1. Coefficients of lunar semi-diurnal variation in the
solar diurnal range of H at Huancayo and

Trivandrum during IGY and IGC

Huancayo Trivandrum
July 1957-Dec. 1959 Oct. LJ57-Dec. 1959

1. Annual average
Average range (Y) 167 127
Amplitude (y) 15.6 7.8

Phase (Lunar hr.) 8.6 9.6

2. December solsticesI
Average range (Y) 158 108
Amplitude (y) 26.1 :k2.5 11.8 ±1.8
Phase (Lunar hr.) 7.7 :h0.2 7.7*±0.2

3. Equinoxes
Average range (Y) 196 149
Amplitude (Y) 22.2 *2.0 13.9 *1.8
Phase (Lunar hr.) 8.8 *0.2 10.5 *0.3

4. June solstices

Average range (V) 147 123
AmrAl~tade(YM 7.6± 1.6 5.9:k1.9
Phase (Lunar hr.) 11.0 *0.4 10.9 *0.3

with the maximum during the December solstice. A toi concluded that the
lunar tide is much larger at Huancayo than at Trivandrum just as the
longitudinal variation in the strength of the electrojet current at the two
places.

Next, the amplitudes of individual sudden commencements in H observed
at Huancayc and Kodalkanal during the period 19SI -62 are plotted against
the local mean time in Fig. 2. These data are taken from various publica-
tions of solar and geomagnetic data In Journal of Geophysical Research
and in k&dia Journal of Meteorololq anm Geophysics.- The nmber of
storms Included in the diagram is 1T0 for Husnoayo an 155 for Kodafliaa.

The ehceetof the SC amplitude during the daytime Io clearly
shown for both Huancaro and Kodaikanal. The merage amplitude ebows
a continuous Increase with time after 0600 hours, reaches a unwilvmu
around noon, after which it decrease. till about IM0 hours and remains
almost constant during the whole nigh time. The night time vah" of th*
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amplitude of SC are not significantly different at the two stations, the
mean value for all the night hours being 28Y for Kodaikanal and 32Y for
Huancayo. The daytime values of SC amplitude, on the other hand are
much larger at Huancayo than at Kodaikanal. The average value of SC
amplitude for the noon hour is about 120Y at Huancayo and only 70Y rt
Kodaikanal. There are two instances of SC exceeding 130Y at Kodc•kanal,
but there are about sixteen instances of similar SC's at Huancayo. The
largest SC observed at Kodalkanal at 1301 hours L.M.T. on July 8,
1958 had an amplitude of 176 Y. The largest SC at Huancayo at 1316
hours L.M.T. on November 6, 1957 had an amplitude of 355)Y, there
were seven other SC's exceeding 176,Y occurring between 0900 and 1300
hours L.M.T.

There is a great scatter of points in both the diagrams in Fig. 2.
For any hour, the amplitudes were generally larger during periods of
greater sunspot number. To elucidate sunspot variation In the SC ampli-
tude, the individual values of SC amplitude are plotted against the monthly
average Zurich sunspot number (Rz) in Fig. 3 separately for the night
time (2100-0300 hours L.M.T.) and daytime (0900-1500 hours L.M.T.)
sudden commencements. The increase of SC amplitude with Rz is clearly
indicated for both Huancayo and Kodalkanal. Assuming a linear relation
between the amplitude (A) and sunspot number (Rz) [A = a + bRz], the
coefficients a and b are calculated and given in Table 2.

Table 2. Coefficients of the relation of SC amplitude (A) with
Zurich sunspot number (Rz) according to the

equation. A = a + bRz

Day-time Night-time

Huaneayo Kodalkanal &IKodakaal

a. 45.0 17.9 20.0 11.9
b. 0.60 0.34 0.17 0.17

The night time values of SC amplitude for any fixed sunspot number
are only slightly larger at Huancayo than at Kodalkana1 and the increase
of amplitude with sunspot io quite small for any of the stations. The day
time values of SC amplitude for any fixed, Rz, as well s its Sensitivity
to increase of RI are sIgnafcatly Ilrger at Rusnoajo than at Kodatlkanal.

MUsda and Yamamoto (1960) have studied the diurnal variation of the
amplitude of SC's at some equatorial statlons for JOY period. They con-
eluded that the doUtime enhancement of BC' occur at stations le than
about 20o dip and an sbnormaUly large amplitude aeamr at Stations vMry
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close to the equator. From the diagram given in their paper it can be
seen that the ratio of SC amplitude at midday to that at midnight was about
8-9 at Huancayo, 5-6 at Jarvis and 4-5 at Koror Island, all these stations
being within 3c dip. Rastogi (1962b) has shown that for the IGY period
the range of H was larger at Huancayo than at Jarvis Island or Koror Island.
Therefore there is a definite indication that the daytime enhancement of
SC's is much more pronounced at Huancayo than at other equatorial stations.

It is concluded that there exists large longitudinal variation along the
magnetic equator in the daytime enhancement of the amplitude of sudden
commencement, and in the lunar tide in range of H similar to the longi-
tudinal variation in the strength of the electrojet as earlier indicated
(Rastogi, 1962b).
Excerpt

RASTOGI, R. G. Large lunar tidal effects in f0F2 in presw',rise hours.
J. Atmos. Terrest. Phys. 25, 515-158 (1963).

The analyses of the critical frequency of the F2 layer of the iono-
sphere, f0F2, at Huancayo and Canberra for lunar tidal variations
(Martyn 1947, 1948) have shown that both the phase and amplitude of the
lunar aeei-diurnal variation L2, depend significantly on the solar time.

Burkard (1951) found that the amplitude of L2 variation in fOF2 at
Huancayo calculated from noon values was about four times larger than
that derived from all-day values. Further, it was found that night time
f0 F2 did not show any significant lunar tidal variations. The analysis
of fOF2 at lbadan by Brown (1956) shows that the amplitude of L2 variation
is 0.119 Mo/s for all-day f0 F2 and 0.333 Mo/s for 1100-1300 hours mean
f0 F2. Similarly the amplitude of L2 variation in f 0F2 at Leopoldville
was found to be 0.33 Mo/s for midday values (Rastogi 1961a) and only
0.08 Mo/s for 24-hour values (Bossolasco and Elena 1960). These re-
sults show that the lunar tidal effect In foF2 is more pronounced during
day•me than during night time.

Rastogi (1961b) has shown that the amplitude of L2 In midday value of
folF is very lage at magnetic latitudes 0* and *2.0 Comparing the molar
diurnal variations of f0F2 on group of days having certain datfied phases
of the moon It has been estimated (Eastogi 1963) that the maximum effect
of lumar tide In fort at equatorial sations occurred at or slightly before
Wono, whereas at higher tropical latitudes the maximum lunar tide in
fonF occurred in the afternoon at 1400-1500 solar hours.

Recently, Ime-gees" and S (1962) computed tO lunar variations
In 131o. at Lindau. dau, difsren•t•tmesof te day. They fou that the
amplitude of L2 variation in ta lowest value o ton durig the hours before I
su.rise was 1.8 percent whAras the amplitude in the 1000-1400 hour
men value of fOF wa only 0.67 percent. I may be mentioned that
-urkard (1981) bad considered the L2 variation In tFo at Hua-mayo between
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2100 hours and 0800 hours and found that it was only at 0500 hours that
the amplitude was greater than the radius of the error circle.

In this article are described some features of the solar time effects
on the lunar tidal variations In f0F2 at low latitude station, Nhatrang.
The amplitude and phase of L2 variations in f0F2 were derived as described
in earlier papers (Rastogi 1961b, 1962). In Fig. 1 are shown the average
solar diurnal variation for the period 1951-55 in f0F2 and the amplitude
of lunar semi-diurnal variation in f0F2 expressed in Mo/s and also as a
percentage of the mean value of f0F2. As shown by Rastogi (1960)
Nhatrang is within the anomalous equatorial belt of the F2-region and one
finds during the day two maxima in fOF2 with a bite out at noon. The
amplitudes of L2 variation in f0F2 are seen to be quite large during the
daytime hours. The maximum ampitude of 0. 40 Mc/s or 5. 0 percent
occurs at 1000 hours close to the time of maximum bite out effect. Be-
sides the midday peak one finds another maximum during the morning
hours at 0500 hours, when the average f0 F2 attains the minimum value
for the whole day. Expressed as a percentage of the average value the
amplitude of L2 variation at 0500 hours Is 8.8 percent as compared to
5.0 percent at 1000 hours.

Concerning the seasonal variation of the lunar tide in f0F2 at pre-
sunrise hours at Nhatrang the amplitude 'as 0. 24 Mo/s (9. 7 percent) during
equinoxes, 0. 18 Mo/s (7.7 percent) during summer and 0. 15 Mo/s
(6.9 percent) during winter months.- The lunar tidal effects in foF2 at
presunrise hours at Nhatrang are maximum during the equinoctial months.
The seasonal variation in amplitude at Llndau are different, being 2.8
percent in winter and only 1. 2 percent in equkinoxes.

The variation of lunar tidal effects in foF2 with solar time at Nhatrang
is compared with those at Huancayo, and Canberra in Fig. 2. The early
morning peak in the amplitude is clearly indicate at each of the three sta-
tions. The analyses of solar time variations in the lunar tVde in fOF2
at a few other stations viz. Christmas Island, Palmyra and Panama, also
indicate similar large amplitudes in the early morning hours. Fuller
details of these analyses will be pub~lished later.

There are some other pre-sunrise phenomena In the ionosphere at low
latitudes which may have some relationship with the lunar tide in f 0F2.
Bhargava (1952) has reported cessation of Ionospheric echoes during theI

predawn period at IKodalkanal. Skinnr et al. (19M) reported a peak in
the occurvou,-1 of ledges in the fllaer during the time of layer sunrise
at Ugaden. S1milla wire-sunrise splittings and other phenomena in the M2
rogon to temperate laft~up;* a"if been also reported (aycdhy,1959;
Dastog, 1960). A shar peak In the height of maximum lonisatlon (hmFl)
"and sm thinesM (ymF of the F2- layer has ban observed at pre-
senr2se hours at Ahmedabad ourdff. 1ti6; siolke, 1963).
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RASTOGI, R. G., and S. Sanatani. oiudinal effect in the equatorial
F2-region of the ionosphere. J. Atmos. Terrest. Phys. 25, 739-742
(1963).

Soon after the installation of ionospheric observatory at Huancayo it
was found that the daily variation of foF2 there showed a peak in the
morning and again in the afternoon with a valley near noon, a phenomenon
known as noon bite-out effect (Berkner and Wells, 1934). Similar charac-
teristics of f0 F2 were found at other equatorial stations viz., ftdan
Tiruchy, Leyte, Palau Is. (Maeda, 1955), and is confined to latitude with-
in about 100 from the magnetic equator (Rastogi, 1960a, b).

Maeda (1959) showed that the relative magnitude of the two peaks in
f0 F2 at equatorial latitudes change systematically with the solar activity.
The forenoon peak is smaller than the afternoon peak during years of low
sunspot number but with increasing sunspot number the forenoon peak
gets more and more predominant.

Rastogi (1959) showed that the diurnal variatior of f0F2 differs con-
siderably at some stations having the same geomagnetic latitude, but the
discrepancy disappears when the true magnetic latitude is taken into
consideration. In this article we have discussed the longitudinal
differences in the daily variation of f0 F2 the equatorial stations having
similar magnetic dip. ,4J

In Fig. 1 are plotted the yearly vrO daily variations of f0 F2 for
different stages of solar activity at the eqltal stations Huancayo, lbadan
and Kodalkanal situated in the Western, lutenediate and Eastern zones
respectively.

At Kodalkanal (dip 3.5"N) one findls a very distinct noon bite-out of
f0 F2 In any of the years 1954 to 1962. During the years of low solar activity
(1954, 1965, 1961 and 1962) the evening peak Is higher thin the morning
one, whereas during the years of high solar activity (1956 to 1960) the'
morning peak is higher than the evening one. I is to be noted that there
are two distinct peeks in the morning and evening hours with a valley
around noon for Kodaikanal during any of the years of which thO data are
so far available.

At Huancayo (dip 20N) even during the years of minimum solar activity,
the evening peak is only slightly higher than the morning one. During the
years of high solar activity the morning peak gets stronger, the aom bite-
out and the evening peak become less sglnificant so much so that durbi
1958 the daily varitiMon of f0] has only a single prominent peak In
the morning heour with only a siuggstion of slow decrease, of fFU In the
afternoon Weurs.

At edman, the features a lontermediate betwee those at Huamayo ad
K, dalkan. Daf the low smspo years the evein peak is strone
than the morning one but the differee between th two peaks Is not so
lar a thAt at Kodalkanal. During the high sftpot yea although there
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are both the morning and evening peaks the magnitude of noon bite-out
is very small.
Excerpt

RASTOGI, R. G. A synoptic view of the lunar tide in the F2 region of the
ionosphere. J. Geophys. Res. 68, 1166-1168 (1963).

The analyses of lunar perturbations of the critical frequency of the
F2 layer of the ionosphere (fOF 2 ) by various workers have clearly
demonstrated a reversal of phase of lunar semi-diurnal variation, denoted
L2 (fOF2) variation, between equatorial and tropical latitudes [McNish and
Gautier, 194,.; Martyn, 1949; Kotadia and Ramanathan, 19561. Rastogi
119611 showed that the phase of L2 (f0 F2 ) oscillation for the midday hours
decreases from 04 lunar time at the magnetic equator to 10 lunar time
at tropical latitudes, the change taking place at about 11" magnetic
latitude. Further, the latitudinal variation of the amplitude shows a
sharp maximum over the magnetic equator and somewhat wider maximums
at 20* magnetic latitude. To understand the lunar perturbations in f0F2
at low latitudes and their interrelations with the development of the
abnormal equatorial belt of the F 2 region, it was considered necessary
to compute lunisolar coefficients of the lunar oscillations in fOF 2 at a
number of low-latitude stations, which would involve many analyses. In
this note we attempt to give a qualitative general picture of the variation
of the lunar tide in f0 F2 at low latitudes.

The days of a month are divided into two groups one in which the
phase of the moon # lies between 3 * 1 and 15 * 1, here called p3 days,
and another in which p lies between 9 * 1 and 21 * 1, called P9 days.
The maximum positive deviation in L2 (foF2) oscillation would occur on
013 days at the equatorial stations and on pa days at tropical-latitude
stations. As the mean phase difference between there two groups of
days Is 6 lunar hours, the difference between the average values of fOF2
at any station on the two groups of days would give a rough estimate of
the amplitude of L2(fOF2) oscillation.

In Figure 1 are compared the meoa diurnal variation of f0 F2 on p9
andp3 days of the southern solatitial months at Huncayo (an equatorial
station) at Panama (a northern tropioal-latitude station) and at Buemm
Aie (a southern tropical-latitude statln), all in the same longitude
zone. Since the ordinate kcale of fte diagram is loprithmic, the
separation between the twc curves for any hour Indicates te proportional
cMan Ln for2 due to lunar tide during hour.

The value of foF2 at Huuayo for any hourn of tho day to larger on #3
days than on pa days, and the differoew between the two curves is maximum
during the noo hours, the period of well-bown bitout In fIF1 at equatorial

statlons. At the tropical-latftude statiom, Panama and Bueios Aires,
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f 0 F2 is larger on Pa than on P3 days for daytime hours, but the reverse
for night time hours. The maximum difference between the two curves
occurs at about 14 hours, the period when f0 F 2 attains its peak value of
the day at these latitudes. Thus the maximum perturbations in f0 F2

due to the moon occur at the equatorial stations at the time of midday
biteout of f0 F2 , whereas in tropical latitudes they occur at the time of
the afternoon peak of f 0F 2 .

During the 0 3 days, the midday biteout of f0 F 2 is almost absent
at Huancayo. Further, the midday values of fOF2 at Huancayo, Panama,
and Buenos Aires are almost the same on P3 days, indicating the absence
of equatorial dip in the longitudinal variation of f0 F2 . Thus the well-
known equatorial anomalies of the F2 region seem to be greatly reduced on
j&3 days.

The nighttime values of f 0F 2 are greater on 113 than on p9 days at
both equatorial and tropical latitudes. Thus the reversal of phase of
L2(f 0 F2) oscillation in f 0 F2 between the equatorial and tropical latitudes
occurs during the daytime hours only.

In Figure 2 is plotted the diurnal variation of mean f0 F2 on ji9 days
minus that on #&3 days (say Af0 F2) at a number of southern and northern
hemisphere stations. This quantity would be positive or negative accord-
ingly as the phase of L2 (f0F2) oscillation is 9 or 3 lunar hours, respectively.

At Huancayo (magnetic latitude 1"N), f0 F2 has the largest negative
value of about 2.6 Mc/s at local noon. At other equatorial stations,
Nhatrang, Baguio, and Singapore, at slightly higher latitudes, f0 F2

has a minimum at noon, but its magnitude is less than that at Huancayo.
This confirms the sharp maximum in the amplitude of midday L2(f0 F2)
oscillation over the magneti equator.

At stations close to the subtropic peak of f0 F 2 , Talpeh and Buenos
Aires f F is positive for most of the daytime and attains 1he largest

valu (aout2. 6 Mc/a) at 14 hours. During the nighttime fOP2 is
slightly negative, indicating a smaller amplitude of lunar tide opposite
In phase to the daytime tde. At stll higher latitudes, VMaui and Rarokmg,
the magnitude of f0 F2 becomes smaller, indicating smaller perturbations
due to the noon. At still higher latitudes, Tokyo and Tananarive, the
magnitude of lunar perturbations is further decreased. This coafirms
the existenoe of a broad maximum of L2(f0F2) oscillation at tropical
latitudes for the afternoon hours of the day, when the solar diurnal
variation of f0F2 also reaches its peak value.

To confirm die above coacelsions, the coeffliciets of lunar 8omldurnd
oscillation in fOF 2 were computed for each solar hour of the diW at Okinawa

ad Nhatrang. The rout are plotted in Figure 3. Reerrie g to the plot
for Okinawa, we find that the amplituds of L2(f0F) oscillation are much
larger for the daytime than for the nighttime hours, being maximum at
13-14 hours LOT. The phases for the daytime hours ar opposite those
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for the nighttime hours. At Nhatrang, the phases of L2 (fcF2 ) oscillation
for most of the daytime or nighttime hourr lie between 00 and 03 lunar
hour. There are two maximums of the amplitude occurring at 11 and
23 hours LST, the daytime maximum being the mtjor one. A secondary
maximum in the amplitude is indicated by the large negative values of
f0 F2 during the night at Baguio, Nhatrang, and Singapore (Figure 2).
The coefficients of lunar variation in f0 F2 at Ibadan given by Brown [1954
also indicate very large amplitudes for the midday as well as the midnight
hours.

It is concluded that the lunar perturbations in f0 F2 at low latitudes
are closely associated with the diurnal development of the anomalous
equatorial belt of the F2 region. The large amplitudes of lunar tide in
f0 F2 at tropical latitudes are associated with processes that are responsi-
ble for higher values of f0 F 2 at these latitudes during the afternoon hours.
Excerpt

RASTOGI, R. G. Lunar tidal variations in the equatorial electrojet current.
J. Geophys. Res. 68, 2445-2451 (1963).

The lunar semidiurnal variations in the solar diurnal range of the
horizontal component of the earth's magnetic field H are computed for
the equatorial stations that were operating in Peru during the IGY--and
IGC. The amplitude is found to be greatly enhanced on either side of the
magnetic equator within magnetic dip of boiut •10". The narrow regions
of enhanced lunar tidal effect and solar diurnal variation in H are sifilar
to each other, suggesting that lunar semidiurnal tides affect the same
region as that which contains the well-known solar diurnal equatorial
electrojet. The lunar effects in South Ameria are found to be maximum
during the southern solstice at stations within the zone of the equatorial
electrojet, but during the equinoxes at stations in middle latitudes.
A

RABTOGI, R. G. Seasonal variation of the lunar tidal effects in the F2 Ž lyer
of the ionosphere over Indian stations. Proc. Indian Acad. SOd.
58A, 38-48 (1963).

Computation of the lunar semidiurnal oscillations in the midday
values of the critical frequency (f0F2) and of the height of maximum elec-
tron density %pF) on the Fg layer. The computation was baned on data
from all Indiia ionospheric stations, and was made separately for each
season of the year. The amplitude of osciUlation in f0F2 is found to be
larvger in winter than in summer at each of the stations. There is a
reversal In the phase of the oscillationIn fOF2 between the equatorial
and tropical latitudes; this is most evident in the winter months and is
almost absent in summer. The annual average oscillation f0F 2 is In
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agreement with that found by Rastgi The phase has a large 'sasonal

variation of about i80° at an equatorial or-a tropical latitude btation. The
phase and amplitude of the lunar tide in hpF 2 do not vary significantly with
Satitte, or season.
MAA

- -A Ft,.-J. A;., and E. L. C, White. The effect of the earth'sý netic ,
field on the propagation of short wireless waves. Phil. Mg. 16

It has often been suggested that'when wireless waves are trausmittle - -
"thro•ugh the ionosphei their behaviour will be influenced to.a very large,
_ extentby-the presence ofthe earth's magnetic field. A comp le theory
of the propagation of an electromagnetic wave through an ionized*med.um"

in tha: presence of a steady magnetic field has been worked out. This.
magneto-ionic theory shows th-A, for a given ionization density6and a given
direction of the. wave-normal relative to the magnetic field, two waves-with
-Characteristic polarizations and velocities may be propagated. As the
char cteristic polarizations and velocities depend both on the ionic density
'and on the direption of the wave-normal, it is clear-that grave difficulties
attend a theoretical consideration of the general case--n which a wave is

%incident on a medium of: changing ionization density in a dire tion inclined
-to the ionic gradient in the medium. A considerable siýplification results,-"-'
however, if we restrict ourselves to the ca.e where:the wave isaincidnt .
on the medium along the direction of ,the ionic gradient, fr: in this cse
the wvaveý-normal remains always Jd0ng the same dire tion, and hence
makes a constant angle'with the nmagetic field. Tbese conditions are ful-
_filled when waves are received after being returned at vertical incidence

-. by the ionosphere in which the ionization gradient is vertical, andby
observing such vertically reflected waves it is possible to make an
,-eper!mental test of some of the consequences of the-magneto-ionic
theory. It is-the purpose of this paper to describe such an experimental
test, and to discuss the bearing of the results obtained on our knowledge
of the electrical structure of the upper atmosphere.
Excerpt .....

RATCLWFFE, J. A. Diffraction from the ionosphere and the fading of radio
waves.. Nature 162 9-11 (1948).

A theory of fading is outlined which regards a "single'" reflected wave
as the sum of contributions from a large nmber of scattering centers in the
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reflecting region, moving with velocities distributed according to a Gaussian
law. The resultait signal is found to be analogous to that produced when
random noise is passed through a filter with a specified band-pass charac-
teristic and the results of an analysis of this case are applied to the present
problem. It is shown that' the observed fading characteristics of radio waves
on various frequencies from 4 Mc to 16 kc are in accord with the theory,
the rms values of the scattering center velocity being of the same order of
magniitude in each case. The theory 'accounts for the observed -fact that the
rate of fadng i3 foughly proportional to the frequency of the wave and the
,.distance of the transmitter.
:N $I_

RATCLIFFE, J, A. A quick method for analysing, ionospheric records.
Ii J. Geophys. Res. 56, 463-485 (1951).

A method is described by which routine (h'- f) records can be
analysed quickly to give information about- the vertical distribution of
electron density in the ionosphere. The method 'Is approximate but is
simple and quick to use, and is therefore convenient for making analyses
of the type required for testing theories of the ionosphere. It consists in
assuming, after Appleton, that the electron distribution is parabolic
and then in constructing a series of curves, similar to those of Booker
and Beaton, on a transparent scale, in such ýo way that they can be matched
directly to the photographic records. The important parameters cmi-then
be read directly from the scale. Retardation in the F1 layer can be allowed
for when the F2 layer is being analysed. Scales based on other electron,
"distributions are also described and are useful in the analysis of unusual
records of the type sometides encountered at Huancayo. An account is
given of the calculation of the total number of electrons in a unit column
of the F2 layer below the level of the maximum. The calculations are
made on the assumption that the earth's magnetic field is zero, and the
effect of removing this limitation is discussed.
A - --

RATCLIFFE, J. A. Some regularities in the F2 region of the ionosphere.:
J. Geophys. Res. 56, 487-507 (1951).

Analyzed (h'-f) records from Watheroo, Huancayo and College to find
the integrated electron concentration by an approximate method, accurate.
to perhaps 25 percent. Investigated two quiet days a month in a year of
sunspot maximum and a year of sunspot minimum. A close relation was
found between the integrated F2-layer density, and the solar zenith angle,
even though the same is not true of the maximum electron density. At
Huancayo, during sunspot minimum, notes a reduction In total ionization
associated with a spur rising to great heights from the F2-trace. Finds
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a relation between the thickness and height of maximum deaisity of the
F-layer. Points out that similar studies of the F-layer nave been made
in the past without noting the regularities in the behavior of the maximum
ionization content here described; further studies are suggested.
M

RATCLIFFE, J. A., E. R. Schmerling, C. S. G. K. Setty, and J. 0. Thomas.
iates of production and loss of electrons in F region of ionosphere.
Phil. Trans. Roy. Soc. London, Ser. A 248, 621-642 (1956).

Prior work showed it possible to deduce electron distributions in F
layer appropriate to average magnetically quiet day in any one month,
(data being given for Slough, Huancayo and Watheroo for different times
of day, seasons and solar epochs); use these distributions as experimental
facts from which rates of production and loss of electrons are deduced.
E1

RATCLIFFE, -J. A. The Magneto-Ionic Theory and its Applications to the

Ionosphere. (Cambridge University Press, Cambridge, England,
1959).

This book deals with the theory of electro-magnetic waves passing
through a gas of neutral molecules in which is embedded a statistically
homogeneous mixture of free electrons and neutralising l-eavy positive
ions, in the presence of an imposed uniform magnetic field. A medium
of that kind will be called a' magneto-ionic medium and the theory wil,,:.
be called the magneto-ionic theory. I has been mainly applied to pblems
of radio-wave propagation through the ionosphere.

Although the ionosphere is not, in fact, a homogeneous medium, and
a full discussion of the propagation of waves through it requires a full-
wave theory of considerable complexity, it is often sufficiently accurate,
to suppose that the wave behaves, at each level, as though it were prop-
agated in a homogeneous medium. Chapter 17 contains an elementary
discussion of the conditions under which this approximation can be made.
The rest of the book is concerned only with propagation through a homo-
geneous magneto-ionic medium and with those problems of radio-wave
propagation through the terrestrial ionosphere which can be solved with I
the help of this theory. -

Although much of the book is based on published papers, referred to F
in the Bibliography, substantial parts of it have not previously been
published. They have, in consequence, not been submitted to public
criticism as published papers would have been, and the reader is warned

to accept them with caution. The sections 3.5, 3.6, 3.7, 3.8, 5.2, 5.3,
5.4, and Chapters 9, 10 and 14 are of this nature.
Excerpt
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RATCLIFFE, J. A. Radio research 1962. Great Britain Department of
Scientific and Industrial Research - Radio Research Board, (Jan 1963).

Radio research is reported in the following areas: (1) the lowest
part of the ionosphere, (2) above the F layer, (3) antennas or small
probes on space vehicles in the ionosphere, (4) long-distance ionospheric
propagation, (5) cosmic rays, (6) ionospheric irregularities and move-
ments, (7) the equatorial anomaly in the ionosphere, (8) the location of
radio noise sources, and (9) development of a new lonosonde.
Source unknown.

RATCLIFFE, J. A. Field aligned irregularities. Review by Chairman,
Commission M, 14th General Assembly, URSI, Tokyo, 10 Sept. 1963.
National Academy Science Publication 1183, 267.

The "equatorial anomaly," well-known in the sub-peak F-layer, has
been shown to extend for a considerable distance above the peak. At the
greater heights it seems to follow lines of force of the terrestrial magnetic
field, but at the sub-peak heights the characteristics are not field-aligned.

Other less-well marked "ledges" or "irregularites" in the electron
distributions are also found to be field-aligned, and attempts are being
made to identify the corresponding field lines with those on which exospheric
particles are known to be trapped. These tentative results must still be
accepted with caution.
Excerpt

RATCLIFFE, J. A. Ionosphere storms. Revised by Chairman, Commission MT,
14th General Assembly, URSI, Tokyo, 10 Sept. 1963. National
Academy of Science Publication 1183, 267.

Since there is no adequate theory to account for the observed behaviour
"of the sub-peak F-layer during ionosphere storms It would be of great value
if we could know in detail what happens on the topside at these times. Un-
fortunately results from the topside sounder are still few and the main
evidence comes from estimates of the total tlectrcn content between the
ground and 'beacon" satellites, or between the iruund and the moon,
deduced from observations of Faraday rotation or Doppler shift. These
seem to indicate, fairly clearly, that when the sub-peak electron content
decreases during a storm, the content above the peak also decreases.
Observations of whistlers indicate that there is a similar decrease in the
electron density even at distances of one or two earth radii.
Excerpt
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RATCLIFFE, J. A. Theor of ae. Review by Chairman, Commission
HI, 14th General Assewnly ý 1 •,•-o, 10 Sep. 1963. National Academy
Science Publication 1183, 268.

It is now generally believed that the F-layer ionisation is produced
by solar ultra-violet radiation, that it disappears by a series of complicated
processes involving charge-exchange reactions and that it is re-distributed
by processes of diffusion. Investigations of the details of this mechanism
have involved observations of the ultra-violet flux made from rockets and
theories of the charge-exchange reactions. There are at present divergtMt
views about the magnitudes of the quantities involved.

Attempts are being made to incorporate the new knowledge about the
temperature variations of the neutral atmosphere (see section 4.2c) into
theories of the F-layer, but at present the matter is not clear. There is
also considerable doubt about the causes of the heating; ultra-violet
radiation, the solar stream of particles, Joule heating, and (at times of
storm ) hydromagnetic waves, are all being considered.

The sideways diffuaion of electrons along magnetic lines of force might
cause the well-known "equatorial anomaly" in NmF2, and two independent
attempts have been made to calculate its effect. Again there is disagree-
ment, one group of workers consider that diffusion alone does cause the
anomaly, the other that it does not.

In attempts to explain some of the anomalies of the F-layer, and In
particular some of the field-aligned ones, suggestions have repeatedly been
made that charged particles incident from outside might be responsible for
some of the ionisation. It is however, difficult to see how they could pro-
duce ionisation at F-layer height, and so far there has been no detailed
discussion of the problem.
Excerpt

RAWER, K. The effect of the magnetic equator on sporadic E ionization.

Compt. Rend. 237, 1102-1104 (1953). (In French.)

Es data from equatorial stations have been studied. Analysis shows
that the marked maximum in E. ionization at the nwagnetic equator, first
reported by Matsushita preceding abstract exists only during the day and
only for the ionized clouds characteristic of that layer. The effect is not
found for that part of the Es layer represented in the published data by
fbEs.
PA
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RAWER, K. Irregularity and regularity of the sporadic E-layer. Geofis. Pura
e Appl. 32, 170-224 (1955). (In German.)

From station observations much information on top-frequency fEs,
less on blanketing frequency fbEs is obtained. The results may be interpreted
in statistical terms. Time- and distance-correlation functions are estab-
lished. Daily, seasonal and geographic rcurthritlea ar,- ,iicuised. A
sharp maximum exists at the- magnetic equator but only for the top-frequency.
No well defined influence of the solar cycle has been found, only a very weak
one of lunar tides. Apart from the routi,.e evaluation observations of the
variation of the reflection coefficient with frequency have been made. In
temperate, latitudes in about 1/3 of all cases there is no partial reflection;
in the other cases local variations of electron concentration up to 1:2 are
found, higher values are rare. At low latitudes the variation may be more
important. This is found by a qualitative classification of ionograms of
different stations. Such classification has been made for transparency,
scatter, angle of incidence and layer development. Diffuse eehoes exist
often near the magnetic equator. Es is always vertically sounded at temperate
latitudes. In most cases the ionization originates as a thin layer of constant
altitude. Transitory phenomena coming downwards are responsible for
"E2s" in daytime. It appears that a cumulo-cirrus-cloud layer is a good
model for Es-lonization. An atmospheric ionization process using stored
energy from dissociation or ion existence seems to be most probable.
PA

RAWER, K. Study of the transparency of the ionospheric layer called sporadic-.
E. Compt. Rend. 250, 1517-1519 (1960). (In French.)

An index called the "degree of occultation" of sporadlc-E clouds is
defined. Records have been examined from many observatories throughout
the world. In temperate latitudes, the degree of occultation is high by day
but low at night. For stations in a zone centred on the gomagnetic equator,
the layer is found to be very transparent but more so at night than during
the day. In the auroral zone, Es is rarely observed by day but at night,
the median value of the degree of occultation is greater than at temperate
latitudes.
PA
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REBER, G. Spread F over Hawaii. J. Geophys. Res. 59, 257-265 (1954).

The random variations of tntensity of signals from point sources caused
by the ionosphere greatly aliect studies of cosmic static. One cause of these
fluctuations is the condition known as spread F, which indicates the presence
of diffuse and irregular echoes from the F-region of the ionosphere. Analyses
of spread F over Hawaii were completed for the period 1944-1953. - The
diurnal and seasonal properties are discussed, and a conclusion is reached
regarding latitude and longitude effects. Some properties of scintillations
at decameter waves are described.
A

REBER, G. World-wide spread F. J. Geophys. Res. 61, 157-164 (1956).

Data over the ascending and descending parts of the recent sunspot-
cycle from widely distributed ionosphere stations have been utilized to
trace the geographic features and nature of the spread-F equator in low
latitudes. Indications are that the spread-F equator is nearly a great
circle, approximately parallel to the geomagnetic equator, but swinging,
during an II-year period, through an angle of plus and minus 25" of latitude,
about an axis through Japan and Argentina. The two fundamental types
of spread F (polar and equatorial) and forked F are discussed.
A

REDDY, C. A., and B. Ramac~handra Rao. The observed po Larisation of high
frequency radio wave. at a low latitude station. J. Atmos. Terrent.
Phys. 25, 13-22 (1963).

Systematic polarisation measurements on vertical incidence pulsed
signals in the 2-4.6 Mc/s range have shown that the observed polarisation
is essentially the same as that predicted by the magneto-ionic theory. The
small discrepanies observed are e•lalned as arising due to the contamina-
tion, on many occasions, of the aparently pure echo under observation by
a weak component undetectable on the monitoring A'scope.
A

REDDY, C. A. The stmuture of E. at a low latitude station as deduced from
Spo~l, arl on observations. J. Atmos. Terrest. Ptays. 2, 387-391
(1963).

The probable aftwtures for different tpes of sporsdio-E are discused
in the lH of the measured polarizatiors of 4-ochoe. The observed
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polarizations clearly suggest a "thin layer" structure with a sharp gradient
for the semi-transparent type of Es which is of most frequent occurrence
at this low latitude station (Waltair).
A

REMMLER, 0. D. Bibliography on direction finding and related ionospheric
propagation topics 1955-1961. NBS. Tech. Note 127, National Bureau
of Standards, Boulder, Colo. (Oct. 1962).

This bibliography is an outgrowth of a conference held at the University
of California at Los Angeles in June 1960 to discuss the aspects of long-
range high-frequency radio propagation that affect radio location and direc-
tion finding, and the related problems of measurement and analysis. A
group of the papers presented at the conference was published in the Radio
Propagation Section (Section D) of the Journal of Research of the National
Bureau of Standards, May-June issue, 1961. In connection with the
conference the Numerical Analysis Research Staff of UCLA prepared a
bibliography of published work on the conference subject covering the
period 1955-1959. For this Technical Note the UCLA bibliography has
been edited and extended to include some papers published in 1960 and the
first half of 1961. This compilation, though by no means exhaustive, in-
cludes over 850 titles on direction finding and related topics ranging from
instrumental details through observations and data analysis to theories of
propagation.
A

RENAU, J. study of ionospheric spread echoes. Research Rept. EE-4412,
Correll University, Ithaca, N. Y. (1959).

In this study we are concerned mainly with spread echoes from the F
region, although a chapter has been devoted to a particular type of spread
echoes from the E region.

Ir ,...pter I the types of spread echoes most frequently observed are
illustrated andt described. A historical review of the scatter echoes is
presented and a short summary of the problems to be considered is given.
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The work described in Chapter U is an outline of Booker's theory
of scattering by nonisotropic irregularities. This is slightly modified to
accommodate data accumulated since it was published. The material in
Chapter II, therefore, is not original, but is included for use in subsetluent
chapters.

We consider a particular type of spread echoes, referred to as sporadic
echoes from the E region in Chapter III. It is shown that the suggested
mechanism is an alternative to the mechanism suggested by Whale, and the
consequences of our model lead to an explanation of the observed variations
of cut-off frequency of the nonblanketing type of sporadic E with dip.
Sporadic echoes from the F region are also considered.

In Chapter IV we deal with Eckersley's suggested hypothesis (1937)
and show that the theoretically predicted ionograms explain a small class
of spread echoes, but that, in general, the model cannot bring about the
structural form of the type of spreads observed frequently An the northern
stations.

In Chapter V, we make use of a model where aspect sensitivity is in-.
corporated as a principal feature for the explanation of two types of spread
F. It is shown that the predicted ionograms have no observed counterpart
in the middle latitudes. In the equntorial regions, the predicted ionograms
correspond to what is observed and the theory restricts the backscattered
echoes to east-west directions. However, without using aspect sensitivity,
one can also explain frequently observed equatorial spread echoes on the
basis of backscattered echoes from all directions. In the northern regions
the results of Chapter V are similar to a particular case of the results of
Chapter IV.

Chapter VI is devoted to a morphological study of spread echoes. It
is shown that types of spread echoes commonly observed at the northern
stations, consist of superposition of overhead and oblique specular reflec-
tions as reported by workers in the field. Moreover, the same type of
spread can be caused by the bifurcation of the F layer. The diurnal and
seasonal variation of spread F for several stations is shown.
Excerpt

JUTU,7 A ther of wnead F base on a sc~atrtern_-screeN Joe. 7

Geopbys. Res. _4 71-977 (1959).

To shed some light on the phenomenon of spread F. a thin scattering
screen Is postulated above the E region. The virtual heit which is
associated with a pulse radiated from the sounder, forward scattered by,
the screen and then reflected back to the sounder via the F region, Is,
calculated..

For freqencies appreciaby larger than the penetration frequncy, the
minimum virtual heght versus the *perating hfequency, on a linear scale,
is a stradght line, the slope of which depends on the ght of the scrOen.
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As the height of the screen increases, the slope decreases. When the

scattering screen is assumed at the level of reflection, the slope of the

line coincides with the tangent from the origin to the regular vertical-

incidence trace.
Experimental ionograms are presented that fit with the suggested

mechanism.
A

RENAU, J. Theory of spread F based on aspect-sensitive backscatLer echoes.

J. Geophys. Res. 65, 2269-2277 (1960).

To explain spread echoes from the F region the concept of aspect

sensitivity was incorporated in our derivations of h'f curves using the

assumption that the magnetoionic components can be treated separately.
The shape of the h'f curves, as well as the extent of range and frequency
spreading, was deduced for ionospheric stations located at varioi-s magnetic

latitudes. The requirements of aspect sensitivity restrict the solid angle

containing the echo rays to a wedge with its apcx line running east-west
through the transmitter location and with its angle determined by the dip
angle. At the magnetic north the wedge opens flat, and at the magnetic
equator the wedge degenerates into an cast-west flat fan. The model
does not lead to an explanation of a large class of observed spread F in
the northern and middle latitudes. At the magnetic equator, however, the

model is potentially capable of clarifying the observed spread F of a type
shown in this paper.
A

RENAU, J. A study of observed spread F. J. Geophys. Res. 65, 3219-3240
(1960).

The main types of spread F have been illustrated; and in order to
facilitate their study they have been categorized. Thereafter, our effort
is concentrated in studying the morphology of a particular type of spread F
obscrved at -various w agnetic and geographic laLitudes (northern hemisphere).

The total number of ionograms scanned during these studies amounts to
about a hundred thousand. The first of these studies shows that the spread
F type B (sharp inner and outer frequency edge) may be due either to the
bifurcation of the layers or to large horizontal patches of ionization with
varying degrees of electron density and tilted in a manner to reflect

specularly, with scattered echoes superimposed on the structures thus
obtained. As for the amount of frequency spreading fs = fmax - fmin,
the spread seems to be magnetically controlled, having its maximum at the

magnetic north, decreasing with decreasing magnetic latitude down to
400 N, and increasing again at the magnetic equator.

A
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RENAU, J. Theory of overhead nonblanketing sporadic E. J. Gcophys. Res.

66, 2121-2128 (July 1961).

A model is suggested for overhead nonblanketing spworadic E based
upon scattering from a belt (1 or 2 km in thickness) of irregularities within
a stratified E layer. Predicted h'f curves are compared with observed
data and found to be in good agreement.
PA

RIEKER, J. Sunset and sunrise in the ionosphere: Effects on the prop'agation
of long waves. J. Res. NBS 6 119-138 (1963).

The purpose of this study, which is based on photographic recordings
showing the phase shift of two signals-i. e., GBR transmitted from Rugby
(England) on 16 kilocycles per second and NBA transmitted from Balboa
(Panama) on 18 Idlocycles per second, both received at the Neuchatel Cantonal
Observatory (Neuchatel, Switzerland), is twofold:

(1) To investigate the mode of propagation of the GBR and NBA signals.
(2) To study the relation between the time of sunrise, respectively sunset

at various ionospheric reflection points and the times at which phase fluc-
tuations appear on the recordings. The author then generalizes the notion
of the times of sunrise, respectively sunset by introducing the closely
related concept of the zenithal distance Z of the sun at the reflection points
considered. Following results published in literature, reflection point
altitudes were assumed to be about 70 kilometers during the day. Results
were such that:

(a) For the GBR signal; only a one-hop mode is available, night
reflection altitudes varying between 88 and 91 kilometers on individual
recordings, angles of incidence 95 on the ground between 70361 and 10°25'.

(b) For the NBA signal; a five-hop mode is available, night reflection
altitudes varying between 80 and 84 kilometers on individual recordings,
angles of incidence 0 on the ground between 0027' and 10 141.

(c) At sunrise, respectively, sunset, computed zenithal distances for
one and the same reflection point at times identical with singularities appear-
ing on successive recordings show a striking analogy.

(d) During one and the same sunrise or sunset, the zenithal distances

computed successively for various reflection points and related to singulari-
ties read on a same recording present also a striking analogy.

(e) The time of •nsct of ionizing radiation at all night reflection points
seems to be of major importance for both the propagations of the GBR and
NBA signals. During sunset, the altitude of the day reflection point which
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was stabilized at around 70 kilometers increases as soon as the zenithal

distance of the sun exceeds 90°. At sunrise, on the other hand, the altitude
of the reflection point stabilizes at around 70 kilometers, when the zenith-

al distances of the sun reach or go below 900 .

(f) In the case of the NBA signal a phase fluctuation already occurs at

a zenithal distance of about 1030, especially at sunrise. At that moment,

the distance between the reflection point and the layer formed by the ionizing

radiations of the sun is about 100 kilometers.
(g) At sunrise, the curves showing the energy of the received signals

display the following features:
For a one-hop mode (Rugby), a momentary strong absorption when the

reflection point altitude reaches 82 kilometers; in the case of several.

ionospheric reflections (Balboa), a succession of absorption lines corre-
sponding to the successive diminishing of the altitude of the ionosphere
reflection points.

(h) At sunset, the interpretation of the energy is more delicate:

For a one-hop mode (Rugby), a momentary i. ;rease occurs in the

energy of the signal before the night level of reflection is reached; in the

case of a five-hop mode (Balboa), the interpretation of the absorption
curve is difficult because five ionospheric reflection points change their
altitude and the resulting phase fluctuations become entangled.
A

RISHBETH, H. and D. W. Barron. Equilibrium electron distributions in the

ionospheric F2-1ayer. J. Atmos. Terrest. Phys. 18, 234-252, (1960).

In the F-region of the ionosphere, the electron density is controlled by

the production of ionization by solar radiation, loss by recombination, and

transport of ionization by electromagnetic drift movements and plasma
diffusion. This paper is especially concerned with the factors which govern
the F2-peak of electron density.

An electronic computer has been used to solve the relevant equations

for conditions of equilibrium such as may be approached in the day-time
F-region. From the numerous examples considered, it is deduced that the

maximum electron density, and the height at which it occurs, are such that

the magnitudes of the production, loss and diffusion processes are approxi-
mately equal. The modifications produced by vertical electromagnetic
drifts are discussed.

Most of the work relates to the simple case of an isothermal atmosphere,
but the conclusions derived are found to be substantially trup for a few.
n,_, v general models which have been considered.
A
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RISHBETH, H. Horizontal diffusion and the geomagnetic anomaly_ in the
equatorial F region. Nature 193, 56 (1962).

Dr. Lyon concludes that, at the magnetic equator, the vertical distri-
bution of electron dersity N takes the form N oc e-2z above the F2 peak,
the height z being measured in units of the scale height of the ionizable
gas. This is in contrast to the situation at high latitudes where vertical
diffusion is not hindez-ed by Earth's magnetic field, and the ionization takes
up a distribution resembling that of a gas, the molecular weight of which
is half that of the positive ions (for example, ref. 1); that is, N 0c e-1/2z.

Lyon's result is obtained by consideration of the continuity equation
for N, which at equilibrium may be written:

q - ON + (D) = 0 '(A)

Here, q and /3 represent the production-rate and loss-coefficient; and
transport of ionization by processes other than diffusion is omitted. To a
first order, ionization can only diffuse along the lines of magnetic force,
in the direction of Lyon's co-ordinate x, and the diffusion term (D} may
be expressed in terms of this co-ordinate: see Lyon's equation (1). Lyon
then assumes that 82N/ax 2 = 0 at the equator, where the dip angle I
vanishes; and that at any height N is determined by the local values of the
production, loss and diffusica parameters. His conclusion then follows
from equation (5).

Now at great heights in the F region both q and /3 are so small that
equation (A) reduces to (D) = 0. Thi is the condition for the ionization
to be in diffusive equilibrium, and is incompatible with the assumption that
a2N/ax 2 = 0.

The intention of this communication is to point out that the distribution
of ionization in diffusive equilibrium along a line of force, N(x), must vary
with altitude z in the same manner, N oc e-1/2z, at low latitudes as else-
where. This is just the simple Boltzmann distribution for the partial
pressure of ionization, and is independent of th- geometry of the field
which constrains diffusion.

Previous theoretical studies of an idealized F region controlled by
production, loss and diffusion refer to higher magnetic latitudes, say,
I > 300. Solution of the equation (A) shows that in the lower part of the
F region the vertical distribution of ionization. N(z), resembles the
'photochemical equilibrium' value q(z)//3(z). The F2 peak occurs where
diffusion and loss are of comparable importance. At any height z well
above the peak, the form of N(z) does not depend on the local. rates q(z)
or O(z), or even on the diffusion coefficient at this height; instead, the
profile of N is of the form appropriate to diffusive equilibrium, proportional
to e-1/2z. In the actual F region, the photochemical 'processes arc
probably dominant below 300 km. and diffusion is dominant above 450 km.;
these figures are approximate.
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It is suggested that this qualitative description of an equilibrium layer
is valid even in low latitudes in the following way. Consider a line of force
which crosses the equator at a height greater than 450 km., at which
diffusion is dominant. The distribution of ionization along the highest,
central portion of thl. line of force does not primarily depend on the local
values of q and /3 ; instead, N(x) is adjusted by diffusion so that equation
(A) is satisfied everywhere, and is then largely governed -by the photo-
chemical rates on the portions of the line of force which lie in the, lower F
region, below an altitude of 300 km. These portigns are situated some
distance north and south of the equator.

The foregoing discussion refers only to the distribution of ionization,
N(x), along a line of force. It does not give the vertical distribution N(z)
at a single latitude; in order to determine this, it is necessary to solve
equation (A) for many separate lines of force and thus find the equilibrium
distribution of ionization in both latitude and height. Nevertheless, there
is no reason to believe that the vertical distribution of ionization in the upper
F layer above the magnetic equator differs greatly from that at other
latitudes.

I am indebted to Dr. Lyon for sending a copy of his communication in
advance of publication.
Complete.

RISHBETH, H., A. J. Lyon, and M. Peart. Diffusion in the equatorial F
layer. J. Geophys. Res. 68, 2559-2569 (1963).

The theoretical form of the ionospheric F layer near the magnetic
equator is discussed for conditions of equilibrium. A digital computer
is used to solve an equation which includes photoionization, loss, and
the diffusion of ionization along geomagnetic field lines, thus enabling
electron densities to be computed as a function of latitude and height. A
small equatorial 'trough' is found in the peak electron density, but this is
much smaller than the well-known Appleton anomaly of the actual F layer.
Below the peak, the ionization is approximately in 'photochemica] equili-
brium?; the shape of the layer above the peak corresponds approximately
to 'diffusive equilibrium.?
A
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ROBERTS, W. T. Proertes of the F2 regon in the ionosphere. NASA,
Marshall Space Flight Center, Huntsville, Ala. (15 April 1963).

Several aspects of the F2 region of the ionosphere, based on th4.
results of recent studies of the 1958 IGY data, are investigated. Contour
maps reveal an unexpected pattern from approximately 20° north to 200
south of the geomagnetic equator, and special attention is given to this
region.
STAR

RODAM, T. Improving Inter-continental communications. Wireless World
50, 295-298 (1944).

Suggestions for operating a world-wide shortwave communications
network, based on a "girdle" round the tropics, are given. A band width
of 6 Mc/s may be assumed for this route (by suitable choice of frequencies
ii. the different parts of the route), and about 1,500 telephony channels are

practicable. It is suggested that these are grouped into blocks of 12 to
link with existing carrier systems, and the various problems of allocating
these blocks and transposing frequencies are discussed.
A

ROONEY, W. J. Lunar diurnal variation in earth-curronts at Huancayo and
Tucson. Terreict. Mag. Atmos. Elec. 43, 107-118 (1938)_.

No abstract.
PA

ROSS, W. J'. The determination of ionospheric electron content from satelifte
Doppler measurements. 1. Method of analsis. J. Geophys. Bes.
65, 2601-2606 (1960).

A procedure of determining the ionospheric electron content up to the
height of an active'satellite from Doppler data io developed. The equations
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derived from first-order theory are discussed and corrected separately
for earth curvature, large refraction, off-zenith orbit, vertical satellite
motion, horizontal ionospheric variations, and the effects of the earth's
magnetic field. The methods were developed Initially for use with the
harmonic radiations from satellite 195882 at frequencies of approximately
20 and 40 Mc/s, but may be adapted to qther harmonic frequency ranges.
The results obtained by applying this method to the experimental data from
195882 are presented in part 2.

ROSS, W. J. Investigation of high frequency propagation in the ionosphere using
satellite transmissions. Quarterly Status Rept. 9, 15 July 1961 -
15 Oct. 1961, Contract AF 33(616)-6157, Ionosphere Research
Laboratory, Pennsylvania State University, University Park, Pa.
(1961). AD-271 192.

The use of satellite radio transmissions to study the regular and ir-
regular properties of the ionosphere is discussed. Preliminary data are
given on the presence of elongated inhomogeneities of about 500 kilometers
height. The evaluation of electron content at midlatitude, and near the
magnetic equator is described.
ASTIA

ROSS, W. J. and L. J. Blumle. The distribution of ionization about the
magnetic equator. Proc. International Conference on the Ionosphere,
London, July 1962, 84-87 'The Institute of Physics and the Physical
Society, London 1963).

Measurements of the electron content of the ionosphere made at
Huancayo, Peru, and State College, Pennsylvania, using satellite radio
signals, are presented and discussed. The diurnal variations of electron
content and of equivalent slab thickness near equinox of the two sites are
compared with particular reference to the relative importance of vertical
diffusion.
PA

ROSS, W. J. The diurnal and annual variation of equatozial ionospheric electron
content. Paper presented to Commission HI, U'ASI, Fall Meeting,
Seattle, Washington, Dec. 1963.

Measurements of ionospheric electron content made at Huancayo, Peru,
over a period of 14 months using satellite radio beacon transmissions are
presented and discussed. Daytime values are found to follow almost Ilnear•y
the day-to-day variations in 10 cm solar radio flux, implying an almost
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linear dependence on ultraviolet ionizing radiation flux. A marked
seasonal effect is noted in the normalized electron content data, with a
40 percent reduction at the June solstice relative to values at the equinoxes.
A study is also made of the diurnal changes in the vertical electron
density profile. The implications of these results on the relative roles
of ion production, recombination and transport at the magnetic equator
are discussed.
A

ROSTAD, A. Auroral phenomena and world-wide magnetic disturbances.
Geofysiske Publ. 10, 1-10 (1935). (In Norwegian.)

After referring to two previous publications dealing with the southerly
extension of the aurora and a linear relation established between the intensity
of magnetic disturbances and the pole distance of the aurora for data from
Potsdam the author discusses the difficulty of obtaining a definite value for
the pole distance useful for the present investigation. The relation between
the pole distance 0 , and the intensity of the magnetic disturbances P is
then considered. Results from stations comparatively near the pole are
not suitable as shown by curves drawn for Potsdam and Rude Skov (Denmark).
On the other hand observations from equatorial stations may be used. The
method of finding a value for P from the observations of five equatorial
stations is given, and the values of P so found plotted in diagrams for
days on which aurora occurred, the observations extending over a period
of years. This enables a graph to be constructed giving the relation
between P and E and another between P and the southward extension of
the aurora. The latter has a greater curvature than the i•r:nier. The
results so found are discussed, and also the relation of to the alternation
of the earth's magnetic field from causes remote from the earth.
PA

ROY, R. and J. K. D. Verma. Polarization of electromagnetic waves for
vertical propagation in the ionosphere. J. Geophys. Res. 60, 457-482
(1955).

A theoretical study of the variation of the state of polarization of a
vertically incident electromagnetic wave while in propagation in the
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ionosphere has been made on the basis of an approximate solution of

the wave equations obtained by Saha, Banerjee, and Guha. It has been

shown that the major axes of the polarization ellipses of both the ordinary

and the extraordinary waves would lie in the N-E quadrant in the northern

hemisphere and in the N-W quadrant in the southern hemisphere. A new

method has been outlined for the determination of the electron density and

the collision frequency in the ionized layers from the value of the'tilt-

angle and the ratio of axes of the elliptic patterns.

An analysis of the characteristics of the experimentally observed
polarization patterns indicates that in E layer the value of v is 1.7 x 106
per second. They further show that the polarization of the downcoming

waves corresponds to their respective reflection levels, rather than a

limiting region below the E layer.
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SACHDEV, D. K. Study of the atmospheric radio noise at 27 and 100 kc/s

at Delhi. J. Sci. Indus. Res. 17A, 262-270 (1958).

A preliminary report of the observations on v. I.f. atmospheric radio
noise being carried out by the Radio Propagation Unit, National Physical

Laboratory of India, New Delhi (28.5 0 N, 77°E), is presented. Measure-
ments are currently made at two frequencies, namely 27 k:/s and 100 kc/s.
Diurnal and seasonal variations indicate appreciable ionospheric attenuation
during daytime, and a summer afternoon maximum, possibly associated
with local thunderstorms. Noise intensity falls rapidly during the early
morning hours, the "sunrise time" differing greatly from one day to another.
The sunrise fall is sharper at 100 kc/s than at 27 kc/s. Long period
(- 2 hr) fading is observed on certain nights, and is believed to be associated
with disturbed conditions in the ionosphere. Particular attention is given to
the study of sudden enhancement of atmospherics (S.E.A.) for which the
observations were initially undertaken. It is found that enhancement is
observed at both frequencies at the time of a solar flare; the effect at
27 kc/s iz normally larger and barlier than at 100 kc/s. However, there
is no one-to-one correspondence between the S.E.A. and the solar flare.
Further, cases have been observed when the S.E.A. at 100 kc/s is found
to be larger than at 27 kc/s. From the present observations it is suggested
that transition from enhancement to fadeout occurs somewhat beyond 100
kc/s.
EEA

SAHA, A. K. and S. Ray. Some feature of the E2 layer observed at thc
ionosphere field station, Haringhata, Calcutta. J. Atmos. Terrest.
Phys. 7, 107-108 (1955).

The automatic ionospheric recorder normally shows a thick extensive
E2 layer in daytime. It usually originates at F1 level at or after 13 h LMT
and descents to merge with El layer.
N

SAHA, A. K., M. Karabin, and K. K. Mahajan. Ionospheric effects following
distant nuclear detonations. J. Atmos. Terrest. Phys. 25, 212-218
(1963).

Preliminary results are given of observations made at Delhi of some
ionospheric effects following the Russian nuclear detonations during August
and September 1962.
JPL
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SAHA, A. K., and K. K. Mahajan. D and F region effects on cosmic radio
noise absorption following nuclear detonations. J. Atmos. Terrest.
Phys. 26, 618-624 (1964).:ý,

In a previous clommunication from this laboratory (Saha et al., 1963)
the nature of ionospheric effects observed at Delhi following the Russian
nuclear detonations. in the Novaya Zemlya area in 1962 were described.
The effects of the detonatbns could be detected with various instruments
that are in operation in this laboratory as a part of regular ionospheric
studies. They include fi) atmospheric noise level measurements at 27 and
100 kc/s, (b) long wave field strength measurements at 164 kc/s (Radio
Tashkent), (c) an ionosonde and (d) cosmic rudio noise measurements at
U2. 4 Mc/s. Two types of Pffects were identified: one occurring in the D-
region and the other in the F-region. The D-region effects could be
distinguished in the enhancements of noise levels of atmospherics, as also
on long wave field strength records. They occurred within two hours after
detonation. The F.-region effects could be noted in ionograms as enhance-
ments in f0F2 occurring somewhat later (up to five hours delay). Both D-
and F-reglon effects could be noted in cosmic radio noise absorptlon.
The D-region effects were coincident in time with the low frequency effects.
F-region effects could be noted in enhanced absorption coincid!b* with the
post-detonation f0 F2 increases and could be observed only when the en-
hanced f0 F2 was above a threshold value ro 10 Mc/s. The D-region effects
of nuclear detonation on cosmic radio noise absorption have been reported
by many workers (for example, Matsushita, 1959; Basler et al., 1963).
The F-region effects reported from this laboratory (Saha et al., 1963),
being separated in time from the D-region effects, allow some unique
opportunities to study F-layer contribution to cosmic radio noise absorption.

Figure 1(a) As an example of cosmic radio noise absorption effect
coinoding with the low frequency effects. The f0 F2 value on -be day (even
with the post-detonation increase) was quite low (9.2 Me/s). Figure 1(b) is
a car where post-detonation increase in f0F2 reached 14 Mo/s. The
corresponding cosmic radio noise absorption effect can be n'fted. No
low frequency effects were noted on this day. In Fig. 2 both D- and F-
region effects can be noted. There are act'aally three absorption peak6,
the first one corresponding, presumably, to the D-region effect and the
two others correspond very well with the two foF2 peaks noted after
detonation.

The various cosmic radio noise effects observed for the Novaya Zemlya
explosions in 1962, are summarized in Table 1. The correspondence in time
of the effects observed with the low frequency D-region effects and the f0F2
increases can be distinguished from the delay times noted agalnst them.
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No solar flare events were reported in CRPL F-Series (Part B) during
periods covered by the observed effects. *

Table I. Summary of the detunation eWects on cosmic radio noise
at 22.4 Mc/s

Delay Times
Reported F-Layer effects

Time of Ex- Estimated L.F. C.R.N. foF2
S. No. Date plosion U.T. Strength t] tI t 2  t2  Mc/s

1962

1. Aug. 25 090001 9 NT 40 20 N.E. 210 9.2

2. Aug. 27 09 00 39 14 MT 130 140 220 210 10.6

3. Sep. 15 -O80202 15 MT 150 130 ? ? 13.0

4. Sep. 21 080102 9 UT 25 100 90 12.0

5. Sep. 27 08 03 04 32 WIT N.E. N.E. 220 210 14.0

b. Oct. 2? 07 35 00 3 MT 30 30 N.E. 210 10.0

7. Oct. 29 07 35 00 4 MT 65 N.E. 110 120 12.5

8. Nov. 1 06 30 00 3 MT 130 120 12.0

9. Dec. 24 10 44 09 8 MT 120 N.E. 210 5.0

10. Dec. 24 11 1209 19 1T 120 N.E. 210 4.0

tl: delay time in minutes for D-region effects
t2 : delay time In minutes for F-region effects

Blank: No records or poor records
N. E.: No effect

It may be pointed that, whereas effects corresponding to the f0F2 in-
crease could always be observed' when the f0F2 value with post-d.ttouation
enhancement was above a threshold value, the D-region effect on cosmic
radio noise absorption could not always be noted when effects were noted
with the low frequency equipments.. (Table I is a list of cases chosen
for cosmic radio noise effects only, out of 21 detonation cases for which
records are available.) This, together with the fact that no effect could
be observed fronl %-A examination of imin values (obtained with the
ionosonde) would indicate that the D-region effects of the explosions were

*On November I and December 24, 1962 some class I flares were reported
around the explosion times (at 0600-0730 hours U.T. on Nov. I and 1005-
1330 hours U.T. on Dec. 24). However, there were no reports of IDMs.
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somewhat localized to heights lower than the effective height for normal
cosmic radio noise absorption.

Contribution of the F-layer to cosmic radio noise absorption is
believed to be controlled by the ratio fOF2/f alone, f being the recording
frequency of cosmic radio noise (Mitra and Shain, 1953). The depend-
ence of F-region contribution to absorption on f0 F2 for Delhi at 22.4
Mc/s was studied by Sarada and.Mitra (1961),and was given in Fig. 10
in their paper. Using the relation obtained by them for daytime we have
computed the expected additional F-layer contribution to absorption
corresponding to the f0 F2 Increases following detonations on the assump-
tion that the absorption effect due to detonation occurs at the same level
as the normil (F-region) absorption. In Fig. 3 it can be seen that this
calculated excess absorption, although somewhat lower, is nonethelesp
of the same order as the excess absorption value obtained from riometer
records following detonation.

It appears there is some threshold value for f0 F2, above which the
absorption effect in cosmic radio noise occurs following a nuclear detona-
tion. In Fig. 4 a few absorption cases are shown, the f0 F2 values corre-
sponding to the absorption increases are also indicated in the figure.
Peak to peak coincidence of absorption and fOF2 could have been missed
since ionograms were taken at half hour intervals only. It will be noted
from Fig. 4 that the absorption effect due to the F-layer does not
appear if f0F2 is less than 10 ec/s (see also Table 1) and that the
effect progressively increases in magnitude with Increase in fOF2.
Excerpt

SAHA, M. N. and K. B. Mathu•. The p on and dte total reflection of
electrom agntic waves in We Lon-a-ere. Jdian 3. Phys. 13 1-13
(2938). "

Explain investigation into propagation of Bose. Consider reflection
conditions resulting from zero group velocity, reflection coditions when
absorption is not zero.
M
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SALAMAN, R. K. Historical survey of fading at medium and high radio
frequenc ies. NBS Tech. Note. 133, Nalional Bureau -of Standards,
Boulder, Cobo. (Jan. 1962).

This condensed historical survey contains inform *tion on many of the
articles concerned with HF and MF ionospheric fading, which have appeared
in the literature through 1960. The primary emphasis Is on an oblique
Incidence propagation,, although many articles pertaining to fading at vertical
and near vertical incidence (Incorporating winds experiments) are also In-
cluded. No effort was made to Include the fading and scintillation studies
in the literature of radio astronomy and satellite propagation, where they
pertain to determining the characteristics of the ionosphere, and not to MF
and HF communication.

Information is available on the origin of fading, the approximate depend-
ence of fading rnte on distance and frequency, and the amplitude distributions
for particular trownmisaion paths. This information is, however, not
sufficient either for a realistic estimate of the performance of commumlcati~rn
systems or for signal design consistent with the medium statistics.

With respect to communication systems at MF and HF, information
which is needed for analysis and design includes statistics on the amplitude
distribution and the fade rate, depth, and duration. Such information

* should be obtained as a function of propagation mode, frequency relative
to the predictable MUF, time, r3eason, geographic iocation, and sunspot
cycle.
A

RALPETER, S. 3. Effect of the magetic field in ionospherta backscatlor-
J. Oecphys. Res. 6.6 982-984 (1961).

Theoretical results have been derived recently Duugherty and Farley,
1060; Fejer, 1960; Salpeter, 19601 for *G. frequeny spectrVM 9f th, r*WUr
signal In radar backsoatter from free electrons In the high IOWWpbe aind
exosphere, assuming perfectth"MOttynMW equilibrium. h these, Calcula-

tioo te eribe magnettc field B was neglected OWi some efthoti due Ao
Wei fie,' are discussed in the present note.
Excerpt
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SANDSTROM, A. E., and S. E. Forbush. Sudden decreases in cosmic-ray
tntpeaity at Huancayo, Peru, and at Uppsala, Sweden. J. Geophys.
Res. 63, 876-878 (1958).

Fento", ?Fetcmn, and Rose showed that from 19,54 to 1957 the sea-level
neutron intensity at geomagnetic latitudes 57"N and 83"N decreased about
22 percent. During the same period they found that the sea-level wesen
intensity at these same latitudes decreased abot 5 percent. On the other
hand, they found the ratio of the percentage decrease in neutron intensity
changes at Ottawa, to that in mecon intensity for ueveral rapid decreasee
during 1957, varied from about 0.9 to 2.7. Since these ratios differed
from the corresponding one (about 4.4) for the intensity changes from 1954
to 1957, this provided independent evidence supporting the conclusion of
Forbusb that the transient decreases are only superposed on the intenaity
variation with sunspot cycle, but are not in themselves the cause of it.

Figure 1 shows the changes from the value on "0" day, in daily means
(GMT) of neutron intensity at Uppsala relative to thooe in ionization at
Huancayo during eight rapid decreases and recoveries between September
1956 and December 1957. The "0" day was that on which the miniwmm dairy
mean occurred. From the slopes of the Uwe in Figure 1, the ratio in in
Table 1 were obtained. These ratios seem definitely to vary for different
transient decreases (and recoveries). Also, it is significant that the ratio
for the recovery appears never to be less than that for the decrease,
indicating for some cases that the energy spectrum of excluded particles
changes differently with time during the decrease than during the recovery.

In Table 1, the ratios for tha sudden decrease, and recovery, for
September 3, 1956, appear to be definitely greater than for mny of the other
cases. In September 1956, the neutron intensity at Ottawa was about 10
percent be)ow that in 1954, while the average for 1957 was about 20 percent
below that for 1964; the corresponding figures for ionization at Huancayo
were, respectively, about one and three percent. This Indicates that the
ratios in Table I prohbaly decrease toward the mmimmn of solar aotlvity;
this possibility was indicated by Fenton, et al. Such a cbage in these
ratios would be expected, since with Increasing solar activity there is an
increue in the energy of primary particles excluded by the solar-Cy0l.
modulation mechanism. These excluded particles would thus account for
the smaller ratio for traolent decreases at Uppsala relative to Huatncayow

]Mally, it should be pointed out that Fom*r foond that te ratios of the
27-day neutroa.Intensity chanag from July to October 1961 at Climax
(geom&#netic latitude48*N) were aboutn fie ims thos. in Ionization at
Huancoo. At this time, the Ionization at Husnasyo*was abut. 1.S percent
below the maximum in 1964, Thus, this ratio is it reasonable agrement
with ths In Table I tot September 3, 2968, for a.rougbly similar level
of Intensity at WuanYo
Ex.erpt
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SARMA, " V. (,., and A, P. Mitra. Some aspects of the frv 'iagnetic distor-
tion of the F2 region at equatorial latitudes. J. Sci. lndus. Res. 15B,
320-1-22 (1956).

A study of the diurnal variation in the critical frequency of F2 layer
at equatorial s~ations such as Madras Ibadan, Huancayo, Leyete, Kodaikanal
and Tiruchirapalli (all 7-13°N or S and 0 to 10°N or S geomagnetic lat.),
shows that the noon bite-out and the equatorial geomagnetic anomaly are a
result of a strong semi -diurnal vertical drift (downward flow of ionization
at midday). Graphs show variations of P1 aiad P2 with magnetic dip for
1954. Variations of P1/P2 variations, sunspot number for different equatorial
stations, variations of critical sunspot numbcr with magnetic dip and
variation of P1 and P2 with sunspot number for Tiruchirapalli (10°50'N,
78050'E) (f0 - f2)0f2 = P1 and (f3 - f2)/f2 P2 where fl, f2 and f3 are fore-
noon maximum, noon minimum and afternoon maximum critical frequencies
of F2 layer.
MCA

SATO, T. On the effect of the earth's magnetic field on the virtual height of
the ionosphere. J. Geomag. Geoelect. 3, 90-99 (Dec. 1951).

The virtual height is calculaied of the reflection point of a radiowave
incident in the ionosphere at a frequency ot 0. -b 4ic, where fe is the critical
frequency of the ionosphere, in the presence of the earth's magnetic field.
The magnitude of the retardation of the wave resulting from the transmission
in the lower ionized layer is also calculated. The inclination of the magnetic
field vector is taken as 0°, 30* and 90°. It is found that the virtual height
of the reflection point of the wave at a frequency of 0. 8 3 4fc, which is equal
to the actual height of the ionosphere in the one of no magnetic field, does
not indicate the actual height In the presence of the earth's magnetic field,
and the value of the returdation depends on y, which in the ratio of the gyro-
frequency to the wave frequency, and on fl/f2, where fl and f2 are the
criticil frequency of the lower and upper ionized layers respectively.
Further, it is also found that the effect of the earth's magnetic field on both
virtual height and retardation is maximum, when the inclination of the
earth's magnetic field vector Is 00, that is, on the magnetic equator; and
minimum when the inclination Is 90,0 that Is, on the magnetic pole.
PA
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SI'0, DtILurbam-es in the ionospheric F'2. rT-en as#PLc-ated wit geo-
mag-netic storms. 1. Equatorial 7A -?e. J. Geomag. Geolect. S.
129-135 (1956i).

Explanatio:n of the Ionospheric F2 disturbances on the equatorial
zone as the effect of the vertical drift of the clcctrons caused by the electric
field associated with the disturbance-daily variation of the earth's magnetic
field. The geomagnetic and the ionospheric data are those of Huancayo on
the magnetic equator. The disturbed variations are calculated for the
individual ionospheric disturbances. The results show that the calculated
variations of the disturbances agree well with the observed ionospheric data,
both in the mpgnitudes and in the characteristics of the variations.
PA

SATO, T. Disturbances in the ionospheric F2 region associated with geo-
magnetic btorms. 2. Middle latitudes. J. Geomag. Geoelect. 9,
1-22 (1957).

In Pt. 2, it is shown that in middle latitudes the variations of f0 F2 on
storm days are of two types: negative and positive disturbances; the former
being the same as the representative variation in high latitudes while the
latter is analogous to the variation in low latitudes (including the equator).
On the other hand, the variations of h'F2 are analogous to those in high and
low latitudes, regardless of the seasons. The results of the calculations
for individual states show that two types of disturbances in middle latitudes
seemn to be explained as an effect of the vertical drift of the electron, though
the coincidence between the observed and calculated for the positive type is
not sufficient. From the above results, together with the results previous-
ly obtained for the equatorial zone, it is found that the occurrence of the
positive or negative disturbances is ascribed to the conditions that the phase
of the drift velocity of the electron on the quiet day is the same as that of
the drift velocity on the disturbed day (negative), or the phase of the former
differs from that of the latter by about 180" (positive). It is also found that
the seasonal and latitudinal variations of the F2 disturbances are due to
the existence of the Sq dynamo current in the ionosphere.
MGA

SATO, T. Disturbances in the F1 and E regions of the ionosphere associated
with geomagnetic storms. J. Geomag. Geoelect. 9, 67-tdu (1957).

It was pointed out by Berkner and Beaton I1I that the critical frequencies

(foFl, foE) and the virtual heights ((h'Fl, hE) of the F1 and E regions
begin to vary at the same time when those in the F2 region do in the storm
time. However, up to date the details of the variations in the F1 and E
regions have been overlooked. One of the reasons may be that the variations
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in those regions at night cannot bc known and the other that the deviatiutows
from the normal value are oniall compared with those in the F2 region.
T~he purpose of this report is to show statistically the characteristics of
the deviations in those regione.

SATO, T. Disturbances' in the ionospheric F2 region associated with geo-
magnetic storms. 3. Auroral latitudes. J. Geomag. Geoelect. 9,
94-106 (1957).

In Pt. 3, a study is made of F2 disturbances in auroral latitudes,. The
process of 'ýhe study is analogous to that in middle and lower latitudes. The
results show that F2 disturbances in the auroral latitildes, as well as those
In lower ones, are ascribed to the effect of the vertical drift of electrons
caused by electric field deduced from the geomagnetic disturbance-daily
variation.
MGA

SATYAM, M. Short term amplitude probability distribution of impulsive
atmospheric radio noise. J. Sci. Indus. Res. 21D, 221-227 (July
1962).

SATYAM, M. Long term amplitude probability distribution of atmospheric
noise. J. Sci. Indus. Res. 21D, 251-260 (Aug. 1962).

SATYAXr M. Hourly variation of seasonal atmospheric noise levels. J. Sci.
MnUG. Reb. 22D, 260-264 (Aug. 1962).

SATYANARAYANA, R., and S. R. Khastgir. Polarization of down-coming
wireless waves of medium wavelengths. j. Bel. Ed-us, Rese. 11E

Investigations at selected radio station in India showed that: 1) only
ordinary waveis were received, 2) the polarization was lefthanded and
elliptical, at times turning into a straight line or a circle and 3) the
ratio of normal and abnormal component and the phase difference between
these components varied randomly with time.
x
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SATYANARAYANA, R., -and D. Rai. Interference ot pola, od components
of thc radio wave iti the zonospher.e. J.. . ! s. 1te.3A. 66
(17 4).

It was shi a by Appleton and Beynon that the magneto-ionic components
of the radio wave in the ionosphere caused by the earth's magnetic field
produced interference and yielded periodic fading patterns during the evening
hours, when there was a continuous decrease in the electron density of the
ionosphere. The initial "slow" periodic fading observed by them on 9.53
i.Me/s. was considered as due to the interference of the lower-trajectory
ordinary and extraordinary waves. The rapid periodicity observed subse-
quently started only when the uoper-trajectory waves (often called the
"Pedersen" rays) were received at the same time.

SATYANARAYANA, R., K. Bakhru, and S. R. Khastgir. Polarization of the
echoes from the Es and F regions. J. Sci. Indus. Res. 15B, 331-329
(1956).

The polarization of the echoes from the E. and F regions, at night and
in the early morning hours, has been studied using pulses of waves of fre-
quency 3 Mc/s., at vertical incidence, and omploying a polarized aerial
system connected to a sensitive receiver. The oscillograms taken with the
unpolarized receiver and the polarized receiving system showed, besides
the sporadic E echo, which was of rapidly varying inte'naity and the magne-
tically split F echoes in different orders of reflection, a new type of reflec-
tion from the Es and F regions with an equivalent height, 2F-E. As this
new type was found to be left-handed, it has been called the Mo echo, as
distinguished from the right-handed extraordinary M echo. Usually this
echo was observed simultaneously with the sporadic E echo which was
predominantly left-handed In polarization. A possible mechanism has
been put forward to explain the occurrence of the left-handed M echo and
the observed E. echo with a pronounced left-handed polarization, and a
detailed discussion presented on the intensity and poli, ization of the observed
F echoes.
A

SATYANARAYANA, R., K. Bakhru, and S. R. Khastgir. Triple-splitting of
the F-echoes. J. Atmos. Terrest. Phys. 13, 20 .

An account is given c" the polarization studies made on the triple F-
echoes, obtained by employing pulses of waves of frequency, 3 Mc/s. at
vertical incidence. The polarization studies revealed that the first compo-
nent after the ground-pulse was the normal extraordinary component having
a right-handed sense of rotation, the second component was the normal
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ordinary comj:,ncnt having a left-handed sense of rotation and the third
compnment was the Z-component having a left-handed sense of rotation.

In addition to the coupling process suggested by Eckersley and Rydbeck
between the ordinary and extraordinary waves, and operative only in high
geomagnetic latitudes, the partial reflec' ion and transmission at the level
of ionospheric reflection for the ordinary component have been considered
as a plausible process for getting the Z-component. Since the coupling
process is not likely to produce a detectable Z-component at low geo-
magnetic latitudes, the occasional presence of the Z-component at low
latitudes has been attributed to the partial reflection and transmission
process which may take place at all latitudes. The view that the Z-component
really corresponds to the left-handed ordinary component suffering reflection
at the level corresponding to p 0

2 = p 2 + p . PH has been supported.
A

SAVENKO, I. A., P. I. Shavrin, and N. F. Pisarenko. Soft corpuscular
radiation at an altitude of 320 km in latitudes near the equator.
Iskusst. Sputniki Zemli 13, 75-80 (1962). (In Russian.)

An account is givesa of the measurements taken on the second Soviet
earth satellite which provide direct proof of the exietenee of low-energy
charged particles at altitudes of about 300 km from the earth's surface
in equatorial latitudes.
PA

SAWATNA, K., and H. Shibata. World maps )f f0F2 during thp IGY. J. Radio
Res. Lab. (Japan) 37, 219-286 (1961).

Advantage was taken oi Lhe very large number of observation stations
widely distributed throughout the world during the IGY, to compile a series
of maps showing the world d'stribution of foF2 characteristics during a
year in which the sun was in record-breaking activity, the Wolf's sunspot
number being 200 or more and the conditions in the ionosphere consequently
unusual, so that the woild distribution of the characteristics for such a
period may have a special significance. The results of the observations
are briefly discussed and special features of the maps are noted, partic-
ularly as regards longitudinal and latitudinal effects. The fIrst set of 24
maps show the f0 F2 contours at Oh/ and 12h/LT for each month of 1945,
while the second set of 96 give the contours at jh intervals from 0 to 24h/
UT for each month of the year. the whole series being reproduced on the
last 60 pages of the paper.
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SAYERS, J., P. Rothwell, and J. ff. Wager. Evidence for a further ionospheric

ledge above the F2 region. Nature 195, 1143-11-15 (1962).

Satellite Arle", which was iaunch.ti irom Cape Canaveral on April 26,
1962, carries instrumentation to measure the local ionization density along
the path of the satellite. These data are stored point by point along each
orbit by a tape recorder on board the satellite, and relayed by fast play-
back over the telemetry link on command from a ground station. Ariel is,
therefore, the first satellite with instrumentation and a data-recovery system
capable of providing a rapid world-wide survey of the distribution of
ionization over the range of altitude and latitude covered by its orbit.
This, in effect, means a scan of ionization between latitudes 540 N.
and 54' S., and in the geocentric altitude range of 400-1,200 km.

SCHLAPP, D. M. Some measurements of collision frequL:.cy in the E-region
of the ionosphere. J. Atmos. Terrest. Phys. 16, 34u-343 (1959).

Measurements of collision frequency in the E-region were made by
observing how the deviative absorption of a radio echo varied with its group
path as a critical frequency was approached. The collision frequency at
heights between 105 km and 120 km was found to vary with a scale height
of about 16 km. In 1955, the collision frequency passed through a value of
2 x 104 sec-1 at a height of about 112 km. There is some evidence that,
when the sunspot number is greater, the collision frequency at a fixed
height is greater.
A

SCHLAPP, D. M. An attempt to measure the collision frequency of electrons
a=h th e I-region u; the Ionosphere. J. Atmos. ierrest. i-nys. ki,
246-253 (1960).

An attempt was made to measure the collision frequency (v) of elec-
trons in the F-region of the ionosphere by Appleton's method of observing
changes in the logarithmic reflection coefficient log P associated with
changes (AP') in the group path, and using the expression.

Alog P =-(AP' - AP)

It is shown that the evperimental results were very variable and that the
average of a large i,amber behaves in a way which is not in accord with
theor 1 . It is concluded that, in the F-region, v is less than about 5 x 103

sec' but that no reliable estimates of Its magnitude can be made by this
method.SA . ---
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SCIIMERLING, E. R. Ionospheric electr'&Ydensities for Washington, D. C.,
Panama, Talara and Hluan icayo, Number 1, July 1957. Scientific
Rept. 105, Contract AF 19(604)3875, Ionosphere Research Laboratory,
Pennsvlvania State University, University Park, Pa. (15 July 1958).
AD-152 618.

Tables were computed from routine ionograms by a matrix method.
Details of the method were previously discussed (AD-i 17 245). Two 40 by
'10 matrices were used fo~r each station (Washington, D. C., Panama, Talara,
and Hluancayo) to cove r th e ranges 1. 6 (0. 2) 9. 6 and 2. 0 (0. 5) 22 mc. The
method takes full account of the earth's magnetic field, but ignores electronic
collisions. Several scaling practices were used for the E region cusps and
E-F transitions. The tables give electron densities at 20-km intervals every
hour for the regular world days and the 10 magnetically quietcst days.
Heights at the electron peaks are not well defined. Profiles are not reliable
at the lowest heights because of the low-frequency cutoff on the ionograms.
(See also AD-152 644).
DDC

SCHMERLING, E. R. Ionospheric electron densities for Washington, D. C.,
Panama, Talara and Hluancayo, Number 2, August 1957. Scientific
Rept. 108, Contract AF 19(604)3875, Ionosphere Research Laboratory,
Pennsylvania State University, University Park, Pa. (1 August 1958).
AD-152 644.

Tables were computed from routine ionograms by the matrix method
of Budden (Phys. Soc., p. 332, 1955). The method takes full account of
the earth's magnetic field, but ignores electronic collisions. No assumptions
were made as to profile shape other than a monotonic variation of electron
density with height. The individual electron density -he ight-profiitlb 'ý.;7 C
drawn for each hour, and the peaks of the pi-ofiles sketched in by extra-
polating to tangency with the peak electron density, as found from f0 F2.
The tables give electron densities at intervals of 20 km every hour for the
regular world days and the 10 magnctically quietest days.
DDC

SCHMERLING, E. R. Ionospheric electron densities for Washington, D. C.,
Panama, Talara, and Huancayo for October -Novembe r-Decembe
1957. Scientific Rept. 118, Contract AF 19(604)3875. Ionosphere
Research Laboratory, Pennsylvania State University., University
Park, Pa. (27 April 1959). AD-216 696.

No abstract available.
DDC
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SCHMERLING, E. R., and C. A. Ventrice. Coefficients for the rapid reduction
of h'-f records to N-h profiles without computing aids. J. Atmos.
Te-irest. Phys. 14, 249-261 (1959).

Tables of coefficients are presented by means of which h'-f records
may be readily redu,,ed to electron-density-height profiles without the
use of computing aids. The tables presented are for any station whose
magnetic dip angle does not exceed 80. The ordinary ray trace is utilized.

No special assumptions concerning profile shapes are made. Account is
taken of the earth's magnetic field, but collisions are neglected.

The sensitivity of these coefficients to magnetic dip angle and gyro-

frequenc., is discussed. Sample h'-f records are reduced by means of the
coefficients and the results are compared with those from the Budden matrix
method.
A

SCHMERLING, E. R. Effects of vertical diffusion of electrons near the magnetic
Requator. Nature 188, 133-134 (1960).

It is considered that vertical diffusion accounts for the major features of
the geomagnetic anomaly, and that this anomaly consists of excess ioniza-
tion, due to diffusion, away from the equator, rather than a deficiency of
ionization at the equator. This thesis is supported by some simple calcula-
tions.
PA

SCHMERLING, E. R. Ionospheric electron densities for Washington, D. C.,
Panama, Talara, and Huancayo for July-August-September, 1958.
Scientific Rept. 130, Contract AF 19(604)3875, Ionosphere Research
Laboratory, Pennsylvania State University, Univetsity Park, Pa.
(1 March 1960). AD-237 684.

No abstract available.
DDC

SCHMERLING, E. R. Ionospheric electron densities for Washington, D.G.,
Panama, Talara, and Huancayo for OctoLer-November-December, 1958.
Scientific Rept. 136, Contract AF 19(604)3875, Ionosphere Research
Laboratory, Pennsylvania State University, University Park, Pa.
(1 Aug. 1960). AD-240 555; GRD TN 60-497.

No abstract available.

468

-oI I



S

SCIIMERLING, E. R. Some results of an I.G.Y. true height survey. Publica-
tion 880. Natioial Research Council U.S., 193-194 (1961).

Some interesting facts were revealed when ionograms from Huancayo
and Talara (Peru) and from Panama (Canal Zone) and Washington, D.C.
were reduced to electron-density height profiles presented and discussed in
the paper.
MGA

SEATON, S. L. Rate of electron production in ionosphere. Phys. Rev. 72,
712-714 (1947).

Methods for determination of rate of electron production in ionosphere
throughout 24 hr; rate of electron production varies more or less system-
atically from zero before sunrise to values around 800 electrons cm- 3 sec-1
near noon at equator for equinoctial interval at sunspot minimum.
A

SELZER, E. Simultaneous recordings in France, at the equator, and in the
Antarctic, of the magnetic effects resulting from the "Argus Experi-
ment." Compt. Rend. 249, 1133-1135 (1959). (In French.)

The "Argus Experiment, " a series of three nuclear explosions at
about 480 km altitude above the South Atlantic Ocean, gave rise in each of
the three cases to magnetic signals which were recorded with great
sharpness and at precise moments at the French stations at Chambon-la-
Foret, at Bangui and at those In the Antarctic. T he analysis of the record-
ings prove: a) the signals spread over large parts of the terrestrial globe

, ijoaud of a4out .'003 knit/s " Lhe surtace without following the lines
of force of the magnetic field; b) the easy penetration of the signals within
the Antarctic auroral zone; c) the absence of a well defined oscillation

period. The oscillations are in general fairly irregular and seem to line
up roughly in two categories, around 1 and 2 sec. From this it appears
that the Interaction phenomena between the two types of toroidal and

poloidal oscillations indicated by the terrestrial hydromagnetic waves must
be much more important than the present fundamental theories led us to
believe.
MGA
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SEN, Hon Yung. Stratification of the F2-layer of the ionosphere over Singapore.
J. Geophys. Res. 54, 363-366 (1949).

Ionospheric measurements made in Singapore in January and February,
1946, indicated that the F2-layer was daily stratified into three discrete
layers during the daylight hours. Typical h'-f curves during the day and
the diurnal-variation graphs are reproduced.

SEN, N. N. Rclation between the auto-correlation coefficients of singly- and
multiply-reflecteca radio waves. J. Atmos. Terrest. Phys. 26,
25-30 (1964).

A -relation between the auto-correlation coefficients of the fading curves
of the first and the second returns from the Ionosphere was deduced earlier
by Booker et al. (1950). In this paper relations between the auto-correlation
coefficients of the fading of the first and the third returns and then between
the auto-correlation coefficients of the first and the nth returns from the
ionosphere have been deduced.

An experimental verification of the relations between the first three
orders of reflections from the ionosphere has also been given.
A

SEN GUPTA, B., D. N. Chaudhuri, and S. R. Khastgir. Ionospheric height
measurements in eastern Bengal by the method of signal fading.
Phil. Mag. 22, 132-144 (1936).

Experiments are described in which simultaneous observations were
taken at short time intervals of the intensities of fading of the Calcutta
signal (A = 370.4 m., distance = 240 km.) received at r)acca on a
loop and a vertical aerial. The theory of a modified form of Appleton and
Barnett's method of measuring the angle of incidence of the atmospheric
waves is described. The method claims simplicity in eP>erimental
technique. Evidence is obtained of multiple reflections at the E-layer.
The average height oat the E-layer is found to be 106 km. In some cases
the height is found to be distinctly greater, the meon of such values being
137 km. The result indicates that the E-layer may lie between these limits.
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There are strong indications of occasional penetration of the E-layer by the
370-m. waves, and of simultaneous reception of the El- and Fl-rays on
certain occasions, indicating that the electrun density of the E-layer has
been on hese occasions greater than 3 x 103 and iess than 6 x 103
electrons/cm3 during the hours of observations. This "patchy" nature
has been previously reported. The average hei,;ht of the F-layer is fund
to be 215 km.
A

I
SETHURAMAN, R. Rates of fading of reflected pulses of vertically incident

electromagnetic waves at Ahmedabad on 2.6 and 4.0 Mc/s. J. Sci.
Indus. Res. 17A, 50-53 (1958).

Summarized results of the Physi'al Research Laboratory's observations
at Ahmedabad Oct. 1956 - March 1958 show that: (1) rapid fading < 5 sec.
period occurs mainly during night hour and is somewhat dependent on
magnetic activity; (2) low values of Cp is generally associated with more
rapid fading, and the F2 reflections exhibited a marked correlation with
the zmount of spread of the pl -f records; (3) nighttime F2 is sensitive
to magnetic activities which daytime E layer is not.
N

SHAPIRO, I. R., J. D. Stolarik. and J. P. Heppner. The vector field proton
magnetometer for IGY sateilte gund stations. J. Geophys. Res. 65,
913-920 (1960).

By applying homogeneous bias fields to a proton precessional magnetom-
eter, vector magnetic field measurements of exceptional accuracy can be
obtained. A vector piotou maguetometeir that h% been in operation at nine
Minitrack stations since the spring of 1958 is described.
A
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SHCHEPKIN, L. A. The problem uf the geographical distribution of critical
frequencies of the F2 layer in the low latitudes. Geomagnetisnm and
Aeronomy , 307-309 (1962).

A detailed study of the latitudinal dependence of the critical frequencies
of the F2 layer - f0 F2(0) - has made it possible in recent years to detect not
only a clear!y defined geomagnetic effect, but also a tendency for a definite
deperndeiice on solar elevation. The clearest expression of this dependence
is in the shifting of the f0F2 peak during the day Ill. From morning to noon
this peak shifts from the low to the high latitudes, and after 1400 hours
local time - ii. the opposite direction. The diurnal curve of fGF2 also bhows
a tendency to change with latitude, which is manifested as a function of
both geographic and geomagnetic coordinates. A remarkable peculiarity
of the latter .ependence is the presence of two peaks on the curve of the
diurnal variation of f0 F2 - post-midday and post-midnight, the convergence
of these peaks with an increase of latitude and their merging into a single
large midday peak at some latitude.

SHCHEPKIN, L. A. Latitudinal change of conditions for the occurrence of the
Fl layer. Geomagnetism and Aeronomy (Moscow) MI, 1053-1058
(1963).

The article eited below is based on a study of the latitudinal change
of the conditions for the occurrence of the Fl layer during a period of high
solar activity at the solstices. The probability of occurrence of the Fl
layer when the sun is low above the horizon has an obvious tendency to an
increase with an increase in latitude. The value of the cosine of the solar
zenith angle, corresponding to the commencement of the regular occurrence
of the F1 layer In the daily cycle decreases with an increase in latitude.
There is a tendency to maximum values of the cosine of the solar zenith
angle at geographic latitudes -20" in the summer hemisphere. Improve-
meat of the conditions for the formr"'l of the Fl layer with an increase,
of latitude also is manifested in an lucrease in the relative number of cases
of well-developed layers. A study of its changes seasonally also leads to
the same conclusion with respect to the latitudinal change of conditions of
the occurrence of the Fl layer. There is a discussion of the possible
reasons for the considered latitude effect, proceeding on the buis of
concepts concerning the role of splitting of the maximum of ton formation
in the F region of the ionosphere in the formation of the ?I layer.
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SHERIFF, R. M. A study of the total electron content of the F-region of the
ionosphere over Ahmedabad (23°N, 72°38'E), India. J. Atmos.
Terrest. Phys. 8, 91-97 (1956).

Calculated total subpeak Fl- and F2-region electron density for 3
magnetically quiet days and 3 disturbed days each month from Feb 1953 to
"Jan 1954. Analysis based on parab'iic distribution. Plots mean daily
variations for 3 seasons. Finds thick layers have higher peak height and
nonparabolic distribution.
M

SHIBATA, H., K. Sawada, and S. Taguchi. Longitudinal and latitudinal
effect of the ionosphere estimated by observation on board the
Soya. J. Radio Res. Labs. (Japan) 7, 575-582 (1960).

Routine determinations of f,3F2 were made en route between Japani
and Antartica in four successive years from 1956. It is shown that from
the results, a valid estimation of the latitudinal and longitudinal variation
of f0 F2 can be made.

SHIMAZAKI, T. Effect of the S0 current system on the ionospheric E- and
FI-layers. J.tmos,~i 'Terrst.Phys. L5,77-82 (1959).

The discrepancy between the observed f0 E or f0 Fl and those pre-
dicted by the Chapman theory was examined in detail. The result shows
that the Fl-layer varies in a manner more regular than the 3-layer, and
that the discrepancy in the E-layer may be attributed partlkv to the effect
Of scale height gradient, but the principal cause certainly lies in the
effect of Sq overhead ctu rent system. DIscundilon is made on the con-
uniform motion of vertical drift velocity produced by this effect, as well
as on the recombination coefficient an the seal* height gradient in these
regions.
A
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SHIMAZAKI, T. Dynamical structure of the ionospheric F2-1ayer as deduced
frcm the world-wide daily variations. J. Atmos. Terrest. Phys. 15,
108-115 (1959).

Recourse was made to numerical calculations to find the effects of
various non-uniform vertical motions due to diffusion, thermal and/or tidal
variations on daily variations in the F2-layer. A method of solving the
problem was worked out he that the electron density distribution may return
back every 24 hr regardless of non-recurrent motions of each part resulted
by several causes. The comparison )f calculated and observed variations
shows that the Bradbury model is better tharn the Chapman model in every
respect. Special emphasis is placed upon the fact that the effect of non-
uniform semi-diurnal vertical drift velocities with height gradient of both
amplitade and phase is very Important except near the equator.
A

SIHIMAZAKI, T. A statistical study of world-wide occurrence probability of
spread F, Part I, Average State. J. Radio Res. Labs, (Japan) 6
669-687 (1959).

A statistical study of the occurrento probability of spread-F is made
by the use of the IGY data for the whole world. The daily, latitudinal and
seasonal variations of the probability are clarified. The comparison with
the slumpot minimum year (1954) is also made. The statistical an~Alyses
are made for all sorts of days, including magnetically quiet or disturbed
days. The result shows that all of the statistical properties much differs
at higher and lower latitudes. This may suggest that the origin of spread-
r essentially diffcr at these two latitudes. The entry of charged particles
into the upper atmosphere certainly causes the spread-F at higher latitudes,
while at lower latitudes the origin must be sought in the terrestrial
atmosphere.
A

SHIMAZAKI, T. A statistical study of world-wide occurrence probability of
spread F, Part H, Abnormal state in severe ma tis stciims. J.
Radio Res. Labs. (Japan).6, 688-704 (1959).

An investigation ke made into the correlation between the occurrence
probability of spred-F and the geomanetic activity. The result shows
that the correlation is strongly negative at lo*er latitudes (<200, while it
Is strongly positive at latitudes between 20" &W 60". At higher latitudes
(>60), the correlation becomes negative again, but It is shown that the
result is much influenced by the ocacrrence of 'black-out".t
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The abnormal state of the world's occurrence probability in some severe
magnetic storms is studied in full detail. The result can be well explained
by the consideration that the critical level of the charged particles penetrating
into the upper atmosphere rises gradually with the decrease of latitude.
At latitudes lower than a certain critical latitude, the effect of magnetic
storms is not so appreciable.
A

SHIMAZAKI, T. The diurnal and seasonal variations of the occurrence
probability of spread-F. IN: Beynon, W. J. G., ed., Some Ionos-
pheric Results Obtained During the I.G.Y., Proc. Symposium URSI/
AGI Committee, Brussels, Sept. 1959, 158-164, (Elsevier Publishing
Co., New York, 1960).

A statistical study of the occurrence probability of spread-F is made
using I.G.Y. data (July, 1957-June, 1958) for the whole world. The
daily, latitudinal and seasonal variations of the probabillty.are clarified.
The analysis is made for all days, ii:cluding magnetically quiet or disturbed
days. The method of analysis, the main results. obtained and a brief
discussion of the results are given.
A

SHIMAZAKI, T. The world-wide occurrence probability of spread-F in severe
magnetic storms. IN: Beynon, W. J. G., ed., Some Ionospheric
Results Obtained During the I.G.Y., Proc, Symposium URSI/AGI
Committee, Brussels, Sept. 1959, 165-171. (Elsevier Publishing
Co., New.York, 1960.)

An investigation is made into the correlation between the occurrence
probability of spread-F and geomagnetic activity for individual days. The
abnormal state of the world morphology of the occurrence probability of
spread-F in some severe magnetib storms is Studied in full detail. The
results support tile consideration that the spread-F appearing at higher
latitudes is duo to the entiy of charged particles into the earth's upper
atmosphere.
A,

SHhMAZAKI,° T. A comparison of horizontal ionospheric drifts at dtfferent
latitldes. IN: Beynon, W. J. G., ed., Some Ionospheric Results
Obtained during the I.G.Y., Proc. Symposium UISI/AGI Committee,
Brussels, 1959, 34C -354 (Elsevier Publishing Co., New York, 1960).

A comparison is made between daily and seasonal variatoUn of ion-

ospheric drifts at four stations (Cambridge, Freiburg, Yamagpwx and
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Waltair) located in higher, middle and lower latitudes. Figures showing
daily variation of NS and EW components of drift velocity in each season at
each station are plotted as well as the yearly mean curves at Cambridge
and Yamagawa. Drift measurements were carried out for the E and F
layers and the prevailing diurnal and semi-diurnal components of variations
at each station are presented in graphs.

SHIMAZAKI, T. The occurrence of the spread-F and the geomagnetic field.
J. Radio Res. Labs. (Japan) 7, 437-456 (Sept. 1960).

The 4effect of a geomagnetic storm on the occurrence of the spread-F
is first studied. The storms that occurred during January 1957 to September
1959 are classified into several groups according to their intensity and the
time (in U. T.) or the season of Sc, and then the occurrence probability of
the spread-F is compared with each other of various days before and lkfter
Sc for each group of the classification. The result shows-that the probabilit'y
increases appreciably on days after Sc at higher latitudes, while it docreases
at lower latitudes. This is most remarkable in the groups of highest intensity
or of equinoctial seasons, although the tendency is appreciable even in the
group of lowest intensity.

It is also shown that the ~creainbetween the occurrence probability
of the spread-F and the magnitude of t~e geomagnetic field is strongly
positive at lower latitudes. This might be understood from the c'n'sidiiatlon
that the turbulence is produced as the result of the breakdown of stability
of the laminar flow (ionospheric winds), which may become easier to be
destablized by the applied magnetic field.

SHINN, D. H. and H. A. Whale. Group velocities and group eeights from the
magneto-ionic theory. J. Atmos. Terrest. Phys. 2 8-105 (1952).

In Part I the group velocity of a radio wave in the Ionosphere above
South East England is calculated for the ordinary and extraordinary wave
for a wide range of frequencies. Results are presented in the form of
curves. A sufficient number of values has been calculated for group dr iys
at vertical incidence to be computed. In Part 11 similar values for vaxý . ll
angles of dip ure used to find the shapes of the group height vs. frequencey
curves, for the ordinary ray vertically incident on a parabolic layer, at
various magneW~ latitudes. Estimates of height of maximum lonlsation
and thidmoes of layer from observed group height vs. frequency curves
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have until now been ba.;ed on calculations in which the effect of the
magnetic field is neglected. It Is shown that such estimates of layer
thickness are correct on the magnetic equator, but yield values which
are too high by about 17% at magnetic latitude 270 rising to about 53%
at magn~etic latitude 62% Estimates of height of maximum ionisation
are, however, approximately correct. A modification to the present
method of estimating these parameters is proposed. The effect of the
field on oblique incidence propagation is discussed, but no exact conclu-
sions are reached.
A

SHIRGAOKAR, A. J., M. Yasuhara, and H. Maeda. World-wide geomagnetic
effects of the 9 July 1962 Johnston Island nuclear explosion. Rept.
Ionosphere Space Res. Japan 15, 420-424 (1962).

At about 09:00 G.M.T. of July 9, 1962 a 1.4-megaton nuclear bomb
was exploded at a height of 250 miles (about 400 kcm) above Johnston Island,
and its effect have been observed at geomagnetic stations all over the world.
The purpose of this commun Jation is to indicate, in some detail, world-
wide geomagnetic effects of the high-altitude nuclear explosion, and to
discuss the cause of those effects. Magnetograms received from Addis
Ababa (AA), Alibag (Al), Amberley (m, Annamalatnagar (n, Apia (Ap),
Aso (As), Bangui (Bg), Churchill (Ch), College (Co), Fredericksburg (Fr),
Gnangara (On), G~ttingen (M~), Guam (Gm), Hartland (Ht), Helwan (Hw),
Herm anus (Hm), Hoilandia (Hd), Honolulu (Ho), Huancayo (Hu), Kanoya (Ky),
Kakioka (Kk), Lerwick (Le), LuandA (LU), M'Bour (MB), Memambetsu (Me),
Muntinlupa (Mu), Port Moresby (PM), Rude Skov MRM, San Juan (SJ),
Simosato (8m), Sltka (Si), SodankylK (So), Teoloyucan (Ta), Trivandrum
(Tr), Tucson (TN), V 'ictoria (Vi), and Witteveen (Wi) observatories have
been used In this study.
Excerpt
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SHIRKE, J. S. Ionospheric absorption on 2.5/2.6 Mc/s. at Ahmedabad.
Proc. IGY Symposium I, 142-148.

Measurements of ionospheric absorption using vertical pulsed trans-
mission were carried out at Ahmedabad on 2.5 Mc/s. from August 1957
to April 1958 and on 2.6 Mc/s. from May 1958 to February 1959.

The data show that the mean monthly values of absorption, L, obey
a relation, L a cosnx , where x is the zenith angle of the sun, the
mean value of n being 0.70 for 2.5 Mc/s. and 0.80 for 2.6 Mc/s. The
value of n was 0.86 for summer, 0.69 for winter and 0.74 for the

* equinoxes.
For removing the seasonal variations, the values of absorption were

extrapolated to cos x = 1. These extrapolated values showed a linear
dependence on the sunspot number R. It was observed that L' = L0
(1 + OR), where L0  47 db. and 0 = 0.0020 for 2.5 Mc/s.; and
L0 = 45 db. and ( = 0.0018 for 2.6 Mc/s.

SHIRKE, J. S. Measurement of the Ionospheric absorption on 2.5 mc/s at
Ahmedabad. J. Inst. Telecom. Engrs. 5, 115-120 (1959).

Measurements were carried out at Ahmedabad (latitude 23°0'N,
longitude 72° 6'E) using vertical pulsed transmission from August 1957 to
July 1958. The strength of the transmitted signal was kept constant and
the intensities of the vertically reflected pulses were reduced by the use
of a passive attenuator so as to give constant intensity of signal on the
oscilloscope screen of the receiving circuit. It was found that mean monthly
values of the absorption plotted agaLhst cos X for each month from August
1957 to July 1958 obeyed a relation of the type log p a coson . The value
of "n" for individual months ranges from 0.64 to 0. 89 and the mean value
is 0.73. To eliminate the effects of seasonal changes in the noon zenith
distance of the sun, values of absorption for cos X = I were obtained by
extrapolation. These extrapolated values show fairly close correlation
with the sunspot number. Generally, maximum absorption is reached
some time after local noon, suggesting relaxation time for D region.
Absorption larger than that expected by the cos X law is observed in the
late evening hours. This is attributed to a contribution from the deviative
type of attenuation in the E layer.
EEA

SHIRKE, J. 8. F-scatter and cosmic radio noise on 25 me./s. at Ahmedabad.
Proc. Indian Acad. Set. 56A, 16,-170 (1962).

Examination of the imie noise records at 25 Me, which are maintained
continuously at Ahmedabad, India. From these records, pronounced
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"fluctuations are observed which are sometimes associated with ionospheric
F-scatter. A dependence of the fluctuations on sidereal time is also
observed. Cosmic noise attenuation increases if the F-scatter occurs at
an hour of maximum cosmic noise, and decreases If the scatter occurs at
the time of minimum cosmic noise. An explanation of the observed effects

is offered in terms of the scattering of the cosmic radio waves by spatial
variations in electron density. Sporadic E is found to have negligible
effect on cosmic noise absorption on 25 Me.
-AA

SHIRKE, J. S., and S. K. Alurkar. Solar flare (S.I.D.) effects on the prop-
agation of 164 kc/s radio-waves from Tashkent to Ahmedabad. Proc.
Indian Acad. Sd., 47A No. 2, 49-64 (1963).

Continuous record*•n of cosmic radio noise on 25 Me./s. is being
made at Ahmedabad (23'01 'N, 72036'E) since 1956. Solar flares are well
shown on these records. A list of the observed flares during 1956-58
t,--,tlhnr with an analysis has been published by Bhonsle (1960). The effect
of a solar flare is to cause a sudden increase in the attenuation of the
25 Mc. Is. followed by a slower rise to normal. The whole phenomenon lasts
for less than an hour. There is evidence to show that a large part of the
increased attenuation takes place in the D region of the ionosphere. It
was suggested by Dr. K. R. Ramanathan that it would be useful to supple-
ment the above study by comparing it with the changes imposed on the
field strength of low frequency radio-waves propagated over a long distance,
preferably along a meridian.

Since March 1960, regular recording of field strengths of Tashkent
radio transmissions on 164 Kc./s. has been made at Ahmedabad. The
paper contains an analysis of the 115 sudden ionospheric disturbances
(S. 1. D. 's) which were recorded during the period March to December
1960. Only a few of them were assoulated with visible solar flares.

Many of the S. I. D. 'a occur simultaneously with S. C. N. A. 'a (Sudden
Cosmic Noise Attenuations) on 25 Mc. /s. which are also recorded continu-
ously. On some occasions when the altitude of the sun is low, there is a
weakening of the L.F. signal a few minutes before the onset of the noise
burst or S. C.N.A. An explanation of the observed phenomena is suggested.
Excerpt
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SHIRKE, J. S. A comparison of electron density profiles in Ahmnedabad in years
of low and high solar activity. J. Atmos. Terrest. Phys. 25, 429-440
(1963).

The median vertical distributions of electron density over Ahmedabad
(23001 N, 72036 E) in January, April, July and October in the years of low
and high solar activity 1954 and 1957-1958 have been calculated from
ionograms. A method suggested by King (1960) has been used for the
calculation. The P'f records on all the days of the month for the same local
hour were superposed and the monthly median p'f curve interpolated.
This was then subjected to true height anallysis by applying the standard
Schmerling method used for the analysis of individual curves.

The diurnal electron densities are presented in the form of iso-
electron-density contours against helight. The curves are extrapolated
above the level of maximum electron density assuming Garriott's model
for the distribution. Thie major features of diurnal and seasonal variation
are discussed.
A

SIGNAL CORPS RADIO PROPAGATION AGENCY. Calculation of sky-wave
f intensities, maximum usable frequencies, and lowest useu
high frequencies. Tech. Rept. 6, U. S. Army Signal Corps, Radio
Propagation Age~ncy, Ft. Monmouth, N. J.,* (Second Printing, June
1954).

a. In this report, practical methods for calculating various sky-wave
communication problems are shown. The solutions are mainly graphical,
no mathematics being required outside of arithmetic manipulation. The
basic curves and noimograms used in the solution's are obtained from the
statistical analysis of field intensity recordings for various radio circuits
throughout the world. The methods show how to calculate what the moat
suitable frequencies are for any radio circuit U any time. By using these
methods, one can determine whether communication is possible or not at
various frequencies and what requirements are necessary in the equip-
meat. The principal problem considered 's the determination of the
frequency limits between which a particular radio circuit can be operated.
The upper limiting frequency Is determined by the extent of Ionization of
the various layers while the lower limiting frequency is determined by the
losses that a radio wave suffers and the noise oonditionts. The metlods
correspond to normal conditions in the ionosphere. The effects of ir-
regularities such as ioospheric storms and sudden ionospheric distuand ces
are not accounted for while the effects of auroral activity are accounted for
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under average conditions. The methods can be applied under any rangi.
of distances and for any period of time. Distances are divided into two
ranges for field intensity and lowest useful high-frequency calculations-
short distances, 0 to 3000 kilometers; and long distances, 3000 kilometers
and greater. Nomographic solutions are given for problems in the long
distance range while the curves are given for the short distance range.

b. Frequencies from 3 to 30 megacycles per second are usually called
the short-wave band. Most sky-wave circuits are designed to operate in
this frequency range. Sky-wave communication is possible for long distance
circuits through regions of low latitudes at higher frequencies during periods
of high solar activity. During the peak of the 11 year sunspot cycle, the
F2 layer can support long distance communication at frequencies as high as
50 megacycles per second or more. The sporadic E layer may support
long distance communication at frequencies as high as 75 megacycles.
Sky-wave communication is generally used in any circuits for those distances
for which only sky-wave communication is possible. Sky-waves suffer
much less absorption than ground-waves and are the only suitable means
for long distance circuits. Because of the large number of radio circuits
used in the short-wave band, communication in this band may be subject
Lo suvere interference from both local and distant stations. Sky-wave
communication should be avoided whenever it is practical. Frequencies
in the very high frequency band from 30 to 300 megacycles should be used
for communication over short or moderate distances whenever possible.
At these higher frequencies, the possibility of interference and enemy
interception Is quite low. For point-to-point radio circuits, highly
directional antennas can be used to limit the radiation to only the required
direction. For very short distances of a mile or so, sky-wave communica-
tion may be the only possible means in jungle due to excessive ground-wave
absorption in cases where the ant Aa cannot be raised above the jungle
growth.
Excerpt

SGNAL CORPS RADIO PROPAGATION AGENCY. Ground-wavo field 4tnsftles
including ground wave field Intensities within the line of sight. Tech
Rept. 3, U. S. Army Sgnal Corps Radio Propagtion Agency, Ft.
Monmouth, N. J. (second printing April 1956).

a. This report was prepared to show in a graphical form the expected
ground-wave field Intensities for vertical polarization for frequencies :rom
.1 to 300 megacycles per second. The field Intensities for elevated atenas
within certain distance limitations are obtained by multiplying values ob.-
taied for antennas located at the ground by height pin at~ors. These
ground-wave field intensities are based malbly on theoretical calculations
for transmiss!in over smooth spherical earth.
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b. The curves of this report are applicable over a wide range of dis-
tances for frequencies from .1 to 300 megacycles, provided the antenna
heights are not too great. Ground-wave field intensities are given within
the line of sight for antennas of low electrical heights. Assur- ag both
antennas are elevated 511 f.•et. the ground-wave field infr-.ities can be
found over fertile (good) ground from abo,,t 1.9 t. LOW miles for frequencies
from 10 to 300 megacycles. The curves give a first approximation to
ground-wave field intensities for elevated antennas for points where the.
height gain factor limitations are not fulfilled. The ground-wave field
intensities at large heights within the line of sight are of values between
twice the field intensity expected from the antenna in free space to a very
low value. Figure 1 shows this maximum value (inverse distance) for
various distances and effective powers. (The effective power is defined in

this report as the product of the antenna gain with respect to short vertical
grounded dipole and the antenna power input in kilowatts.) There are nomo-
grams in this handbook which can be used to find the field intensitico for
ground constants other than those for which the curves are drawn. The
ground-wave curves can also be used to give an approximation of the field
intensity expected for horizontal polarization, provided the antennas are
sufficiently high. For antenna heights exceeding about 250 feet, the field
intensity values over sea water are approximately the same for horizontal
and vertical polarization at 10 .megacycles, while at 300 megacycles the
values are practically alike, provided the antennas exceed 10 feet in height.

c. The ground-wave curves of this report are drawn for average

atmospheric conditions. The curves are based on standard atmosphere in
which the index of refraction decreases linearly with height at a rate of
.039 x 10- 6 per meter. Atmospheric refraction is taken into account by
assuming an earth of an equivalent radius of 4/3 the actual radius. For
different climatic conditions, the ground-wave field intensities differ
somewhat from the values given. The equivalent radius factor which is
taken at .4/3 in the temperate zone lies between 4/3 and 6/5 in the arctic,
while At is between 4/3 and 3/2 in the tropics. This factor in the temperate
and tropical climate is mainly determined by the change in relative humidIty
with height. ft is relatively insensitive to the change in temperature with
height. In the upper part of the very high frequency band, there are at
times exceptional propagation conditions due to transmission in ducts.
Sthese unusual propagations are not considered in this report. For the
frequency range considered, it can be assumed ihat weather conditions
do not substantially effect gxound-wave field intensities.

.d. Ground-wi.ve field intensities depend upon the electrical constants
of the earth, the dielectric constant, and the conductivity. These constants
are difficult to obtain accurately. The user can approximate the ground

constants from the physical characteristics of the ground. The following
table indicates the ground constants in MKS units for the different soils:
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Conductivity (MHO/M or
Type ol' Terrain Dielectric Constant EMU x 10-11)

Sea Water 80 5.
Fresh Water 80 .005
Moist Soil 30 .02
Fertile Ground 15 .005
Rocky Ground 7 .001
Dry Soil 4 .01
Very Dry Soil 4 .001

The ground-wave field intensity curves of this handbook are drawn for
three types of terrain defined as good ground, poor ground, and sea water.
The user can directly obtain ground-wave field Intensities from these curves
within the accuracy required for n.csý appli-ations. The constants of soil
vary with weatier conditions. Both the ctnductivity and dielectric constants
increase with moisture content. The ground constants are lower in the
winter than in the summer. They also vary with frequency. The constants
of sea water vary with temperature, the dielectric constant diminishing and
the conductivity increasing with temperature increases. The dielectric
constant decreases with inicreasing frequency. For the frequency range
considered in this report, it can be assumed that the variations of the constants
with frequency can be neglected.
Excerpt.

SIGNAL CORPS RADIO F]ROPAGATION AGENCY. Radiation from antennas in
the 2 to 30 megacycle band. Tech. Rept. 2, U. S. Army Signal Corps
Radio Propagation Agency, Ft. Monmouth, N. J. (May 1958).

This report shows graphically the sky-wave and ground-wavw radiation
in the 2 to 30 megacyc!e frequency band from the following antennas:

Ground-Based Vertical
Ground-Based Inverted 'L"
Horizontal Half-Wave
Horizontal Rhombic

The curves, of this report are based manly on theoretical calculaiuous
for assumed cut rent distributions on thin wlw. The ground sy stem and
antenna beat losses are accounted for by efficiency factors obtained from
field measurements. The calcudations consider the effects of the tYPe of
ground over which the antenna is erected in the ground reflection factore
and antenna radiation resistances. It is "swed that the transmlsslon
Unes are properly matched and that the antenna roactaces are tuned out.

ThU unattenuatlte (invetre distance) field streg at a standard .
distance from a transmitting antenna in a given direction is a tenrt ofat
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the amount of radiation in that direction. Sky-wave radiation is diminished
in intensity only due to distance until the waves enter an absorbing or
ionized re-jon. One mile from an antenna sky-waves are not absorbed
and, thus, havw the inverse distance field intensity value. Waves prop-
agated along the ground are attenuated due to ground losses. For ground-
waves the inverse distance field intensity is the field intensity value if
no transmission losses were present.

The antenna radiation curves of this report show the inverse distance
field intensity in "radiated power" plotted against frequency for various
radiation an_,. les with an antenna input power of one kilowatt. Here 1000
watts "radiated power" Is defined as an inverse distance field intensity
of 186.3 millivolts per meter at one mile. If the inverse distance field
intensity is 200 mv/m at one mile its value in radiated power is (200/
186.3)2 x 1000 sLwjatts" or 1.153 "watts". The nomogram on page 10 can
be used to convert millivolts per meter at one mile Into radiated power
or vice versa. Radiated power is convernient to use in the solution of
propagation problems (see Radio Propagation Unit Technical Report No.
6).

For values of antenna power input other than one kilowatt, the radiated
power is the value from the curves multiplied by the ý wer input in kilo-
watts. For an example, multiply the curve values by .3 when using an
antenna input power of 300 watts (SCR-499 on radiotelephone service). -

In order for a sky-wave to reach the receiving location it must be
returned earthward by one of the ionized layers of the ionosphere. A
particular transmission distance and reflecting layer height determines
the vertical angle A above the ground plane at which the antenna radiation
must be known. The figure (Single Reflection Radiation Angle vs Great
Circle Distance) on page 11 shows that the radiation A is 36" for 500
mile one hop transmission by the F2 Layer (average layer height 200
miles). This same radiation angle is required for two hop 1000 mile
transmission for the same reflecting layer height.

Many antenna heights and lengths are given in this report in height (or
length) to wave length ratios. Use nomugram on page 9 to obtain H/A
_.(eght to wave length, ratio) .or any frequency from 1 to 40 megacycle-
and any height (or :ength) frm 10 to 400 feet.
Excerpt
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SILBERSTEIN, R. A long-distance pulse-propagation experiment on 20.1
melaEycles. J. Geophys. Res. 63, 445-466 (1958).

A pulse-propagation ,experiment was performed between Sterling,
Virginia, and Maui, Territory of Hawaii, with the object of studying the
mechanism determining the classical MUF at long distances, and also of
obtaining a general idea of the mode structure. Simultaneous oblique-
incidence records of components has been discussed. A number of typical
fading curves for short-wave radio signals transmitted from Delhi and
Calcutta have been described. Particular reference may be made of curves
which are very likely of magneto-ionic origin and depict the complete
sequence of events expected when the value of the m. u. f. for the F2
layer passes across the signal frequency due to the increase or decrease
of the ionic density of the layer. Fading curves which have been ascribed
to interference between waves singly and doubly reflected from F2 layer
and also those which are apparently caused by interference between waves
simultaneously reflected from F2 and E layers have also been described
and their features discussed. An example has also been given of such
fading curves whose origin appear to be obscure.

A

SILVERMAN, S. M. and M. Casaverde. Behavior of the 6300 01 line at
Huancayo. J. Geopiiys. Res. 66, 323-326 (1961).

The results presented In this paper confirm the findings of Delsemme
and Delsemme (1960) and Barbier (1960) as to the unexpected behaviour
of the forbidden red line of atomic oxygen in the night sky at latitudes near
the equator. The results at Huancayo, Peru, show that the intensity of
the 6300 0! line passes through a maximum at some time between 2200
and 0200 hours local time. Comparisons with observations at Tamanrasset
and at Liiiro indicate a strong seasonal effect on the intensities snd also a
strong latitude dependence of the phenomenon. It Is noted that the diurnal
variation for the red line is similar to-that observed for the H component
of the magnetic field in equatorial regions, though for this the maximum
Occurs a -Oon.
PA
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SINGER, S. F., E. Maple, and W. A. Bowen, Jr. Evidence for ionosphere
currents from rocket experiments near the geomagnetic equator.
J. Geophys. Res. 56, 265-281 (June 1951).

Records of magnetic field as a function of altitude have been obtained
from total-field magnetometers mounted in two Aerobee sounding rockets.
The flights were made 60 miles apart at approximately 89°W longitude,
11'S latitude, or geomagnetic longitude 3410, geomagnetic latitude -1*.
In the first the field decreased between 20 and 105 km in accordance
with the simple dipole field, while in the second a discontinuity of 4 ± 0. 5
milligauss was observed in the altitude range of 93 to 105 km. These
results (1) establish experimentally the existence of a current system
in the E-region of the ionosphere which is responsible for the diurnal
variation of the earth's magnetic field at sea level; and (2) lend strong
support to the dynamo theory of the daily magnetic variation.
PA

SINGER, S. F. Rocket exploration of magnetic fields and electric currents
in the upper atmosphere. IN: Boyd, R. L. F. and M.J. Seaton, eds.,
Rocket Exploration of the Upper Atmosphere, 256-260 (Pergamon
Press, New York, 1954).

Tidal winds in the conducting layers of the Earth's atmosphere
produce e. m. f. 's, and therefore a current system which is responsible
for many of the geomagnetic variations observed at sea level. Rocket
measurements at the magnetic equator have now established the existence
of this current in the lower E-layer of the ionosphere. (1) Because of
the insufficient conductivity of even the whole atmosphere in the presence
of a transverse magnetic field it has always been difficult to account for
the current on the basis of a theory which does not require excessively
high wind velocities. The experimental result shows that the current is
distributed in only a very narrow layer, extending from 93-105 km.
(2) This finding forces a reconsideration of the theory of ionospheric
conductivity. It leads tV ' suggestion that by means of a Hall polarization,
which is set up perpendi , to the electric field and the Earth's magnetic
field, the conductivity at equator is restored to the original high value
which would exist in the absence of the magnetic field. In this way it is
now possible to account for the ionospheric current system without in-
voking the presence of extremely high winds, i.e. velocities much greater
than 100 km per hour.
A
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SINGHI, B. N., and R. L. Ram. A peculiar ty, eOf-priCudiT-fiding. J. Atmos.
Terrest. Phys. 13, 19D191-1I958).

..-- D.iring the course of observations on fading patterns of short-wave
radio signals transmitted from Delhi on 25.62 m on the 22 March 1958
a peculiar type of pattern was recorded. This commenced from about
0115 hours (I. S. T. ) and lasted for nearly an hour. A few of the patterns
recorded during this period are shown in Figs. 1-3. The following
feaiures of the pattern may be noted.

Shortly before 0115 hours the pattern looked like a slow random type
which gradually changed into a rhythmic one at about 0118 hours when the
frequency was found to be 16 c/min. Very soon the beat nature of the
periodic pattern appeared and at, about 0125 hours while the frequency of
the periodic pattern was about 17.5 c/min, the beat frequency was 1.28
c/min. The presence of beat indicates the existence of two periodicities
of close frequencies. The beat frequency as well as the frequency of the
periodic pattern fluctuated, but the beat nature of the pattern continued up
to about 0155 hours. At about 0138 hours an additional periodic undulation
appeared, superimposed upon the beat pattern. The former became more
prominent at about 0212 hours while the beat feature practically disappeared.

From the available ionospheric data for the date and time concerned,
the possibility of interference between singly and doubly reflected rays
from the F2-layer was examined and found to be small. There was also
no possibility of reflections from either the E-layer or the abnormal E -
layer. Under such circumstances, the periodic pattern observed may be
considered to be of Appleton-Beynon (1947) type, as the frequency of the
radio signal for which the fading pattern was recorded was apparently
close to the m.u.f. An attempt to receive transmission on 19 m band
from Delhi was not successful during the period of observation.

The beat nature of the fading pattern conclusively indicate the existence
of two periodicities of close frequencies and hence the presence of three
reflected rays. If we consider the additional periodic undulation, we have
to assume the presence of a fourth reflected ray. Appleton and Beynon
(1947) have suggested the possibility of four reflections in case an oblique-
ray suffers reflection from F2-layer near rem. u. f. conditions. The four
reflected rays in such a case would correspond to the upper and lower
trajectory rays of the ordinary and extraordinary components. It is true
that the chances of simultaneous reflections of these four types of rays
would be small but, is possible under favourable conditions. What is,
however, more .urprising is the long duration of the periodic patterns.
The periodic patterns observed by Appleton and Beynon (1947) lasted for
only 14 min and the time during which two periodicities occurred simul-
taneously was even less. Some workers, e.g. Banerjee and Singh (1948),
have no doubt reported the existence of magneto-ionic periodicity for a
much longer time, but it was of a very small frequency and of a simple
type.
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Appleton-Beynon type o_
morning and evening hours when the electronic-density of the reflecting
layer is changing. This explains why they do not last for a long time. It
may be suggested, however, that a similar periodic pattern may be obtained
if the incident wave has a frequency very close to the m.u.f. of the F2
layer, and this layer is moving vertically without any appreciable variation
in its electronic-density. Under such condition the periodic patterns may
last much longer. Further investigations are in progress.
A

SINGH, B. N., and R. L. Ram. A complex periodic pattern of short waves.
J. Geophys. Res. 63, 873-875 (1958).

A few interesting fading patterns were recorded at our laboratory
on September 5, 1957, for radio transmissions from Delhi on wavelengths
19.79 m and 16.83 m, during 1030 to 1100 hours (IST). They are shown
in Figures 1 and 2. The curves in Figure 1 are for the wavelength 19.79 m
and were recorded from 1030 to 1035 hours. The curves in Figure 2 are
for the wavelength 16.83 m and were taken from 1039 to 1044 hours. Even
a casual glance at the Figures is enough to show that they are very much
similar in nature and sequence. The curves are slow periodic type with
quick periodic ripples superposed on them. The frequency of the slow as
well as the rapid periodic curves decreases with advance of time. A
closer observation revoals another interesting common feature of the two
sets of rapid curves. Their amplitude, at least during a part of the time,
appears to undergo a slow periodic variation. In both the Figures towards
the end, the amplitude of the rapid periodicity increases. It is evident
that the conditions and the sequence of events under which the curves in
Figure 2 were obtained for the wavelength of 16.83 m must have been
similar for the wavelength of 19. 79 m when the curves shown in Figure 2
were obtained.

DELHI I97Sm 5 SEPT 195?

1030O bre 1031 btre

DILi 16.S3m S SEPT 195?

1OS ber I hrsi

1042!5 tw 1045 tire
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SINGH, B. N. and R. L. Ram. Rhythmic fading of short-wave radi M17
J. Atmos. Terrest. Phys.,16, 145-146 (1959).

The problem of periodic fading due to interference of a number of
components of a sinusoidal radio signal has been theoretically treated by
considering it as equivalent to determining the resultant of a number of
simple harmonic vibrations of nearly equal frequencies. The practical
bearing of the results so obtained to fading curves of magneto-ionic
origin particularly those caused by interference of threo and four compo-
nents has been discussed. A number of typical fading curves for short-
wave radio signals transmitted from Delhi and Calcutta have been
described. Particular reference may be made of curves which are very
likely of magneto-ionic origin and depict the complete sequence of events
expected when the value of the m. u. f. for the F2-layer passes across the
signal frequency due to the increase or decrease of the ionic density of
the layer. Fading curves which have been ascribed to interference between
waves singly and doubly reflected from F2-layer and also those which are
apparently caused by interference between waves simultaneously reflected
from F2- and E-layers have also been described and their features dis-
cussed. An example has also been given of such fading curves whose
origin appear to be obscure.
A

SINGH, B. N., and 0. P. Simha. The variation of the rate of fading with
frequency. J. Atmos. Terrest. Phys. 19, 141-143 (1960).

As early as 1932, Appleton had observed that the intensity fluctuations
of the downcoming radio waves exhibit a kind of periodicity which is roughly
proportional to their frequency. lIe alzo found that if T is the period of the
fluctuations and X the wave-length, T/?, increases monotonically with
distance. During later years a number of workers (Pawsey, 1985;
Harwood, 1951; Bowhill, 1953; King, 1958) have determined the periodicity
of fluctuations, i.e. the fading speed for a wide ranp of frequencies with
different angles of incidence. King (1958) has shown that if the night-time
rate of fading is pl6tted against the frequency of radio signal multiplied
by the cosine of the mgle of incidence then the points are found to be
scattered about a straSht linm represented by the equation:

fadingspeed 0.30xfconlmax. Ar

where f is the frequency in ko/s, and i is the angle of incidence on the
Iotiospbere. The frequencies considered by King were up to 2000 kc/s
and only two of them were for reflecato from the F-region.

The present authors have determined in their laboratory the night-
time fadin speed of rado signals transmittid from A. 1. R. • Delhi. in
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S.... .-.. ......... hejfregu pcyregion 9605-17,783 kc/s. The values are given in Table 1
and are the mean of a l u-m1Tf"b- atio.aqnbetween 2300
and 0215 hours I. S. T. du'ing different parts of the year. All the Iv- ................
tions were for reflection3 from the F2-region. In calculating the values
of cos i the height of the F2-region was assumed to be 300 km which was
the mean of the values recorded over Calcutta and Delhi during the periods
of observation, and the curvature of the earth was allowed for. The value
of cos i thus calculated was 0.598.

The values of the fading speed for different values of f cos i as obtained
from the above table and those given in Table 3 of the paper by King (1958)
are plotted in Fig. 1. it may be noted that the points lie scattered about
a straight line represented by an expression similar to that given by King
(1958) except that the value of the constant is found to be 0.28 instead of
0.30. In Fig. 2 the fading speed for signals reflected only from the F-
region are plotted against different values of f cos I. In this case also
the points lie scattered about a straight line whose constant is 0.28. All
these observatioas confirm the earlier conclusions of Appleton referred
to above.
Excerpt

SINGH, R. N., and S. K. Tolpadi. Magnetic field of the F-relion from
h'-f records. J. Atmos. Terrest. Phys. 24, 824-826 (1962).

Some h'-f records were used to investigate the magnetic field in the
F-region at New Delhi. The results are discussed in relation to the
behaviour of the F-region.
PA

SINGH, R. N. 8tudy of the sporadic-E layer from anal'sis of C-4 lonograms.
J. Atmos. Terrent. Phys. 25, 589-595 (1963).

The C-4 ionograms taken at New Delhi during the period May 1958-
May 1959 have been analysed. Different types of Es are Identified and
their percentage occurrence i. shown with the help of histogram. The
blanketing of the E 5 -layer Is defined and its correlation with the occur-
rence of multiple E -reflection has been fomnd. A positive correlation
between the Es occurrenoe, the critical frequency of the Es-layer
and the solar activity Is obtained and Is ilustrated graphically. The
efisot of meteoric showers and sporadic meteor. on the E.-ionizaticn to
"discussed.
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SINGLETON, D. G. A study of "spread-F" ionospheric echoes at night at
Brisbane. Austral. J. Phys. 10., 60-76 (1957).

Virtual range versus frequency (P'f) records of the ionosphere made
at Brisbane (lat. 27.50S., long. 152.9°E. ) during 1952 and 1953 have been
examined. It is found that occasionally neither the o nor the x mode of
propagation penetrates the F 2 layer at a unique frequency, the upward..
sweeping traces either being blurred out over a range of penetration fre-
quencies (diffuseness) or possessing a fine structure (penetration-frequency
multiplicity). Temporal analysis of the occurrence of these effects reveals
that they occur only at night; penetration-frequency multiplicity appearing
more frequently in the hours before dawn, while the diurnal distribution of
diffuseness has a maximum between 0100 and 0500 hr in summer and
represents •t more even distribution between 2100 and 0500 hr in winter.
The seasonal distribution has a pronounced peak in the winter months and
minima in the equinoctial months. These data are compared with the
world-wide picture of these variations as it has emerged from the recent
literature.

The observations are interpreted in terms of scattering from the
clouds of .nhaaced ionization near the F2 -layer maximum which are believed
to be responsible for the scintillation of radio stars. It is suggested that
there is a seasonal vertical movement of these clouds, the extent of which
increases with latitude.
A

SINGLETON, D. G. The geomorphology of spread F. J. Geophys. Res. 65,
3615-3624 (1960).

An analysis has been made of reliable spread-F data obtained from
IGY f plots for ionosonde stations grouped about longitudes 750 W and 12(0 E.
The temporal variations of occurrence of the frequency-sproading component
of spread F are found to change with latitude, these chanps having a
certain symmetry about the geomagnetio equator rather than about the
geographic or dip equators. Four regions with different occurrence eharac-
Wtristics appear: two are regions of high activity, the auroral and
equatorial regions; and the other two are regions of lower activity, the
middle latitude and polar regions. The seasn of minimum occurrence Ink
the equatorial region changes from the northern summer solstice in the
American zone (5"W) to the southern summer solstce in the Far Eastern
zone (12W0 i. This longitude effeot, which led Reber to poshdate the
existence of a spread-F equator, is shown to be duo to the interaction of
some form of direct or Indirect solar control with the manpeoti control
of tho incidence of the phenomenon.
A
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SINGLETON, D. G., G. J. E. Lynch, and J. A. Thomas. The scintillation of
satellite radio transmissions and field-aligned ionospheric irregularities.
Scientific Rept. 2, Contract AF 64(500)9, Queensland University,
Australia (Sept. 1961). AD-286 375; AFCRL 62-302.

Three months' observations obtained at Brisbane of the scintillations
of the 20 Mc/s transmissions from Explorer VII were analyzed in detail.
The scintillations have a Gaussian distribution of amplitude and a scintilla-
tion rate which peaks at 2 c/s. The phenomenon is mainly a night-time

-..... one but some slight activity persists into the daylight hours. There is no
evidence of a correlation with sporadic E but the scintillations are found
to be associated-with both the frequency-spreading and range-spreading
types of spread-F. The scintillation activity is found to increase with
zenith angle in a mann:'r which can be interpreted in terms of the same
system of irregularities, at heights of the order of 200 to 600 km., pro-
ducing both the scintillations and spread-F. The irregularities are shown
to be field-aligned and to have dimensions of the order of 1 km. The
irregularities associated with frequency-spreading are found to occur in
patches with horizontal dimensions of the order of 100 km. or more.
A

SINGLETON, D. G. Spread-F and the latitude variation of occurrence of
whistlers. Nature 189, 215-216 (1961).

Recent work of whistling atmospherics has suggested that the incidence
of the phenomenon is dependent on latitude. Crouchley, using data from
Australian and Japanese stations, demonstrated that whistler activity
reaches a maximum at about 45' geomagnetic latitude, while the Stanford
group report a maximum of occurrence at 500 geomagnetic latitude. In
both these reports a marked decrease in activity at lower and higher
latitudes is noted. The decreasing incidence at higher latitudes has been
attributed to decreasing thunderstorm activity, and rapidly increasing
path-length and absorption with increasing latitude. However, the fall-
off in activity at low latitudes cannot be so explained. Smith, Helliwell
and Yabroff have suggested an explanation of this low-latitude fall-off in
terms of whistler •ropagation within field-aliped ducts. They showed
that the necessary ionization enhancement within the ducts for F-layer
beights falls off markedly with Increasing latitude and argue, therefore,
that this suggests that whistler occurrence should increase with latitude,
since large enhancements would be expected to occur loss frequently than
small enhanoements. It Is the purpose of this communication to examine
this point in more detsdl.

The frequenoy-spreading component of spread-F has been interpreted
as being due to the avalabliUty of a range of values of Ninx. at the
maximum of the F2 layer; this range of values is thought to correspond

492



S

to a system of irregularities each iuvolving an enhancement (or a deficiency)
of electron density relative to the background ionization. For any particular
occurrence of frequency-spreading it is possible, in terms of this hypothesis
and assuming critical reflexion conditions to apply, to calculate the ioniza-
tion enhancement (AN/N) required. It is now suggested that these postulated
irregularities in the F2 -layer are, in fact, the lower extremities of the
whistler ducts. If this is the case, then estimates of the electron density
enhancements obtained from frequency-spreading information should support
the contention of Smith et al. outlined above.

In work to be published elsewhere I have been able to fix limits to
the range of values of AN observed at seven stations spread in geomagnetic
latitude. Combining this information for a typical winter month with the
monthly median critical frequency, it has been possible to produce, as
shown in Fig. 1, a diagrammatic representation (shaded strip) of how the
range of values of AN/N varies with geomagnetic latitude. (The position
of that portion of the shaded strip bounded by dashed lines is less certain
than elsewhere because of the low incidence of frequency spreading at these
latitudes.) Also shown in Fig. 1 is the grr ph of minimum AN/N against
geomagnetic latitude (dashed curve) due to Smith et al. and Crouchley's
latitude distribution of whistler occurrence. (Since whistler activity is most
pronounced in the winter months the latitude distribution of whistler activity
is largely dependent upon winter conditions.) It will be noted that for
latitudes less than about 300 the observed range of AN/N involves values
considerably less than the values required by Smith et al. and that this
corresponds to the region of low whistler occurrence. At 320 the largest
observed value of AN/N corresponds to the minimum required for whistler
propagation, while above 50" all the observed values of AN/N are of
sufficient magnitude to support whistler propagation. The 30-60' latitude
region corresponds to that in which the whistler activity increases. It
seems, therefore, that the explanation of the latitude variation of whistler
activity based on propagation within field-aligned ducts is consistent with
ideas at present being used to interpret the frequency-spreading component
of spread-F.

I am indebted to Mr. J. Crouohley and Dr. J. A. Thomas for their
interest and helpful discussion.
Complete

SINGLETON, D. 0. Scintillatlous ad the latitude distribution of ionospheric
irregularities. Natare 191, 482-483 ý1961).

The author rfiers to recently reported observations of radio ar
scintillations. These show a considerable increase for latitudes north of
55N. Similar featum have been noted with regard to scintlilations from
satellite signals. These scintlUations can be correlated fairly closely with
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the occurrence of spread-F, the distribution of which depends on the @so-
magnetic latitude an-i shows an increase of from 10 to 80% or more between
600 Nand 700N. This same distribution will explain the departure of the
zenith angle dependence of the annual mean radio star scintillation index
from the simple secant law as ý.,ýerved in Cambridge and in Manchester.
Subject Headings: 1. Radio stur, scintillation, 2. Satellite signal scintil-
lations 3. Spread F.

SINGLETON, D. G. Spread-F and the perturbations of the maximum electron
density of the F layer. Austral. J. Phys. 15, 242-260 (1962).

An analysis has been made of spread-F data obtained from I. G. Y. f-
plots for several ionosonde stations grouped about longitude 750W. to establish
whether there is any connection between the severity of frequency-spreading
(Af) and the time of day, season of the year, magnetic activity, height of
the F layer, critical frequency of the F layer, and the latitude of the iono-
sonde station. The diurnal variations of the severity of frequency spreading
are fouad to vary considerably with latitude and season and no clear pattern
emerges. Magnetic activity affectz the value of Al but again in a complex
way which varies with latitude. The magnitude of Al seems to be greatest
when the layer is high and descending at low and middle latitudes but not
at high latitudes. At all latitudes the magnitude of Llf is greatest when the
critical frequency is lowest. This is considered to be the dominant effect
having a profound influence on the diurnal and seasonal distributions of
Al. These results are discussed in terms of the hypothesis that frequency
spreading is due to the availability of a range of values of Nmax at the
maximum of the F2 layer. This range of values is thought to correspond
to a system of irregularities each involving an enhancement or a deficiency
of electron density relative to the background ionization. The extra
Ionization involved in the irregularities is estimated to be of the order of
105 electrons/c.c. and Is found to vary little with season, magnetic activity,
and latitude.
A

SINGLETON, D. G. , and G. J. E. Lynch. The scintillation of the radio
transmissions from Explorer VI1. 1. The nature of the scintillations.
J1. Atmos. Terrest. Phys. ~J1 353-362 (1962).

Three months' observatlons obtained at Brisbanie of the scintillations
of the 20 Mc/s transmissions from Explorer VII have been analysed in
detail. The scintillations have a Gaussian distribution of amplitusde and
a scintillation rate which peaks at 2 c/o. The phenomenon is mainly a
night-time one but some slight activity persists into the daylight hours..
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There is no evidence of a correlation with sporadic-E but the scintillations
are found to be associated with both the frequency -spreading and range-
spreading types of spread-F. The scintillation activi'ty is found to increase
with zenith angle in a manner which can be interpreted in terms of the same
system of irregularities, at heights of the order of 200-600 km, producing
both the scintillations and spread-F.
A

SINGLETON, D. G., and G. J. E. Lynch. The scintillation of the radio
transmissions from Explorer VII-I!. Some properties of the scintil-
lation producing irregularities. J. Atmos. Terrest. Phys. 24, 363-
374 (1962).

Three months' observations, obtained at Brisbane of the scintillations
of the 20 Mc/s transmissions from Explorer VII, have been analysed in
order to discover the nature of the ionospheric irregularities responsible.
The irregularities are found to be field-aligned and to have dimensions
of the order of I km. A considerable number of bursts of scintillation
activity are found usually in association with the frequency-spreadin r type
of spread-F but infrequently with the range-spreading type. This is
interpreted as meaning that the irregularities associated with frequency-
spreading have a more patchy horizontal distribution than those associated
with range spreading. The horizontal dimensions of the patches are
estimated to be of the order of 100 km or more.

SINGLETON, D. G. . eead-F and the parameters of the F-layer of the
ionosphere 1. _read-F and F-layer electron density. J. Atmos.
Terrest. Phys.. 871-884 (1962).

An analysis was mad, 4( spread-F data obtained from IGY f--plots for
several ionosonde stations ,L wxped about longitude 75°W, to establish
whether there is any connecti between the incidence of spread-F and
fOF2, F-layer electron content, -d semi-thickness. It is found that the
percentage occurrence of the freL, ncy-spreading component of spread-F
at a value of f0 F2 increases as 1/ft ! for all seasons and latitudes. This
relationship is shown to be independe. of such associations as might exist
between each of the two quantities invo, d and either the state of disturbance
of the earth's magnetic field or the time - day There seems to be no
association be,,ween the incidence of freque. v spreading and the rate of
change of f0 F2, nor is there any association . 6b the electron content of
the F-layer. However, frequency spreading ib viv likely to occur when
the rate of change of electron content is positive . I to a lesser extent
negative, at least at equatorial latitudes. At these ti-i-,cs, there is a
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tendency for the inc~dence of frequency spreading to decrease with increas-
Ing somi-thicknerib ap to about 100-150 kma. This tendency then reverses,
the incidence increasing with increasing thickaess above about 200 km.
Dis,49ssion of these results is postponed to a later paper la the series.
PA

SINGLETON, D. G. 14pread-F and the parameters of the F-layer of the
ionosphtre. II. Spread-F and F-layer height. J. Atmos. Terrest.
Pbys. 24, 885-898 (1962).

An analysis was made of spread-F data obtained from IGY f-plots for
several tonosonde stations g-rouped about longitude 750W to establish
whether there is any connection between the incidence of the frequency-
spreading component of spread-F and the height of the F2-layer. It is
found that the percentage occurrnce of frequercy spreading is greater
the greater the height of the layer. This te9ndency is most pronounced In
the equatorial and auroral regions and is fotmd to be independent of season,
time of day, and magnetic activity. Saturation of the direct relationship
between percentage occurrence and F2-layer height is found to occur at
heights ranging from 200 km at Baker Lake to 550 km at Huancayo. Thisa
association between the percentage occurrence of frequency spreading wad
layer height appears to be independent of the association between the
percentage occurrence of frequency spreading and f0F2 reported in Pt 1.
Discussion of these results is postponed to a later paper in the series.
PA

SINGLETON, D. G. Spread-F and the parameters of the F-layr of the
lonosjihere. HII. Spread-F and the v--"Uoal movement of the F-layr.
J. Atmos. Terrest. Plys. 24, 899-907 (1962).

An analysis was made of spread-F data, obtained from JOY f-plots
for several iceosonds stations grouped about longitude 759W to establish
whether there in axy connection between the incidence of the frequency
speading component of spread-F and the vertical movement of the FR-
layer. It is bxnd that at equatorial latitudss downward movement of the
FR-layer is associated with the production of frequeny spreading. UP-
ward movement Inhibits the production of frequency spreading at Huancayo
a&W Talara. At latitudes above ergoa~imovement upwars or
downwards resualts in increased freatmacy spreading activity. Minimum,
bat nad zero percentage wounrrnea is associated with a statonary layer
at. thene latitudes. These low- and high-latitude associations between
the incidence of frequency apmading and fte vertical movemet Of fth
FR-layer are fooad to he Isdependeat of mapneti actvity, time of day,
and seasion of the year. 'Discussion of thes results is post~omd to Pt IV.
PA
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SINGLETON, D. G. Spread-F and the parameters of the F-layer of the iono-
sphere. IV. J. Atmos. Terrest. Phys. 24, 909-919 (1962).

The impact of the results of the previous parts of this series on the
several theories of spread-F irregularity production is discussed. It in
found impossible to reconcile the results with four of these theories, namely,
Martyn's instability of the under surface of an upward drifting layer, Dagg's
E-region turbulence communicated to the F-layer, Axford and Hine's
convective motion of the magnetosphere and a theor' of auroral particle
origin of the irregularities. A new theory, based on initiation of instability
of the surfaces of a drifting layer by hydromagnetic waves, is proposed.
"It is shown that this theory is in accord with the experimental findings.
A

SINGLETON, D. G. The spread-F equator. J. At f. Terrest. Phys. 25,
121-150 (1963).

An explanation of the position of the spread-F equator under sunspot
maximum and sunspot minimum conditions is put forward. This explanation
is based on the theory of spread-F irregularity production by Martyn
amplification of irregularities initiated by bydromagoetic waves. It is
shown that consideration of the spatial distribution of F-region critical
frequency, height, and vertical motion in conjunction with the variation
with latitude and season of hydromagnetic wave illumination of the upper
"ionosphere allows the position of the spread-F equator to be predicted.
PA

SIVARAMAIRBHNAN, M. V. A .nparative stu& of 2omMa tic and ion*-
shE_-=c chags at Kodahkanal and liumnago. Indian h . Met. Geop2ys.
7, 137-146 (1986).

A study of pomapstic fkeld variations for five yeari, 14 to 1953,
and lonospherlo changes during 1952-19k4 at Kodalianal reveals tha
Kodal-anal, situated mar the gomapetic eqator, shows more or, lke
-th same anomalous behavior as Huancayo. The study shows: (0) Abnormal
larp rap in the horizontal, lomlty H during quiet days, () No abormaty
in H- during, gomapietc dl•sturnose, (i) Ampltudes of B.C. to dusing

owon ae pester nar the ---ma Ptic equator ta at stations hurter
tawa = fom It, (Iv) A middiy decrease of fOF2 on quist days (the bIle-o=

e&t,(Y) Increase in Uhe elect=o densitya nfV layer with Increas in
geo.-wletlo activity ca tkwcve to beer conditions for radto pr UMpat,

4Me: ;I



S

and (vi) Occurrence of the lunar stratification of the F2 layer and its

"disappearance at the lunar times 0700 and 1930 h.

MGA

SKINNER, N. J., R. A. Brown, and R. W. Wright. Multiple stratification
of the F-layer at Ibadan. J. Atmos. Terrest. Phys. 5, 92-100
(1954).

The ridges observed in the F2-layer at Ibadaai, Nigeria, have been
recorded. There is a maximum occurrence of ridges around 1000 hours
and 1500 hours. The morning ridges are more pronounced. A pronounced
seasonal variation is found and most ridges occur when the midday minimum
Of f0F2 occurs early in the day. A lunar variation is found in the rate of
ridge information at 0900 hours. Ridges in F1 are also discussed but it
is concluded that there is little relation with those in F2 and that the F1
ridges are connected with the E2-layer. The observed facts can be
explained by means of oscillatory vertical ionic drifts such as those
suggested by Martyn (1947). Possible pha.' es consistent with the pheno-
mena are considered.
A

SKINNER, N. J., and A. W. Wright. f2-layer regularities at Ibaidan. J.
Atmos. Terrest. Phys. 5, 290-297 (1954).

The mean daily variation throughout the year of n (the total electron
content in a column of unit cross-section below the height of maximum
ionization (tim) in the F2-layer), and Nm (the maximum electron density
of the F2-layer), show clearly that n behaves in a more regular mannr
than Nm. It is shown that in calculating n, it ts important to use values
of the equivalent layer semi -thickness deduced assuming mom-paraibolic

electron distributions, where necessary. The Appleton-Deyncn (1947)
method for "parabolic" layers is not, therefore, completely adequate in
tropical regions. Inclusion of the contribution by the Fr-layer to the total
electron content has no appreciable effect upon the regularty of the diurnal
variation of n.

A new method ts described and used for deducing the coeffiient ot
recombnbtation (a), and the rafte of ton production per a* (q). from the
daily variation d n.

The promnoe0d Meset MinMUM in the Virtual height Of F29 Us
reported b some observers, th discussed &Wd cn.nsiered to be l5 - ly

spurious.
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An hm and Ym histogram is plotted and is found to be dissimilar to
that at Huancayo, and similar to that at College, Alaska.
A

SKINNER, N. J., and R. W. Wright. Some gomagnetic effects in the
equatorial F2 -region. J. Atmos. Terrest. Phys. 6, 177-188 (1955).

The diurnal variations of the values of many ionospheric parameters
obtained at Ibadan, Nigeria, close to the magnetic equator, are investigated
on aagnetically quiet days and on magnetically disturbed days. it is found
that the midday minimum of the maximum concentration of ionization Nm
in the F2 -layer disappears as the days become more disturbed. On quiet
days there is very little scatter of values of Nm, but on disturbed days
this is much increased. Furthermore, both Nm and the total ion content,
n, of a column of unit cross-section below the height of maximum ionization
"are greater at all times of the day on disturbed days than they are on quiet
days. The perturbation of the quiet-day variaticn introduced on disturbed
days, SD, has not only a diurnal (twenty-four hours) component, but also a
semidiurnal component. Whilst there is general agreement in the behaviour
of the results described here and the theory of ionospheric disturbances
proposed by Martyn IAbstr. 7350 (1953)1, the data imply that the phases
of the motions differ appreciably from those suggested by Martyn.
A

SKIN R, N. J., and R. W. Wright. Equatorial ionospheric absorption.
J. Atmos. T rrest. Phys. 9, 103-117 (1956).

A study has been made of the variation of absorption with frequency
and sun's zenith distance X at lbadan at vertical incidence. Since the prop-
agation at lbadan is almost purely transverse, simple theories in terms of
deviative and nondeviative absorption may be applied. It is found that the
nondeviative absorption appears to obey a law of proportionality to the in-
verse frequency. The total absorption varies as (cos x)O, where n is about
0, 7. These variations are accounted for by assuming that the-nne.ti
absorption takes place in a Chapman-type D layer at a level where the elec-
tron collisional frequency is of the same order as the angar frequency of
the exploring radio signal.

Some comparisons are made with the absorpUon results from other
stations. In particular, it Is foun that the frequso and seaiosMa varlos
at Sinapore are similar to those at badan.
A
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SKINNER, N. J., and R. W. Wright. The effect of the equatorial electrojet on
the ionospheric Es and F 2 layers. Proc. Phys. Soc. B 70, 833-839
(1957).

It is found at Ibadan that during the daylight hours fEs is lower on
magnetically disturbed days than on quiet days. It is also found that on two
or three occasions in each month a series of abnormally low values of fEý
occurs. An investigation of the behaviour of the horizontal and vertical
components of the earth's field during these times reveals that there is a
simultaneous decrease in the magnitude of the equatorial electrojet current
which is in turn responsible for the large diurnal ranges in H and Z near
the equator. The behaviour of the F2 layer parameters f0 F2, ymF 2 and
hmF2 during periods of low fEs, shows that the F2 layer always becomes
denser, lower and thinner during these periods. This indicates an immediate
coanectiou between the electrojet, the production of equatorial E. and vertical
drifts in the F2 layer.
A

SKINNER, N. J., J. Hope, and R. W. Wright. Horizontal drift measurements
in the ionosphere near the equator. Nature 182, 1363-1365 (1958).

Measurements of the east-west drift components in the E and F layers
at Ibadan by the spaced-receiver method show that these are towards the
west during daytiMe, and towards the east at night, and in opposite phase
to those found in temperate latitudes. These results are in agreement with
Martyn's theory, although the magnitude of the westward drift in the F-layer
(105 m/sec. at magnetic latitude 2-1/2*8) is smaller than predicted for a
station situated directly uvder the equatoriai electrojet. The amplitude
pattern observed on the ground for both layers is found to be elongated In
the direction of the magnetic meridian.
PA

SKINNER, N. J., and R. W. Wright. The reflection coefflueat and fading
characteristics of sigads returned from the E layer at Ibadan.
IN: Ionospheric Sporadic E (Smith, E. K., Jr., and S. Matsushita,
eds., MacMillan Co., New York, 1962).

Some of th characteristics of echoes from the two principal daytime
types of Es at Madan have been investigated by means of vertical incidence
pulse transmissions in the frequency range 4 to 8 Mo/s. For the equatorial,
q-t•p Es it is found that the fraction of the incident power reflected back
varies with frequency f approximately as I/fO. 4. The fading rais are of
the order of 4 c/s and increase almost linearly with wave frequency.
Spaced receiver experiments Indicate that the irregularities In the diffrac-
tion pattemn an the ground are elongated along the gomaea field line
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with scale sizes of about 20 metres and 300 metres in the east-west and
north-south directions respectively. Blanketing Eg is observed only
occasionally at lbadan and it is found that its fading chwlteristics are
very similar to those of the normal E layer with fading rates of about
0.8 c/s. The ground amplitude pattern has scale sizes of 60 metres and
500 metres transverse and parallel to the field lines respectively and the
fading at midday is consistent with the picture that the irregularities in the
ionosphere are iioving westwards with a steady horizontal drift velocity
of about 60 m/s superimposed upon a random velocity of 30 m/s. The
amplitude distributions of the signals reflected or scattered from both
types of Es are predominantly of the Rayleigh type.

SKM~ER, N. J., A. J. Lyon, and Rt. W. Wright. Ionospheric drift measure-
ments in the equatorial region. Proc. Inarnational Conference on the
Ionosphere, London, 1962, 301-309 (The Institute of Physics and the
Physical Society, London, 1963).

The true E-W velocities of drift in the E and F regions on selected
magnetically quiet and disturbed days, obtained from correlation analysis
of the fading at two spaced receiving aerials, are examined and compared.
In the F region, the drift is westward by day with a velocity of about 70 m
sec"1 and easstward by night with velocities of about 90 m sec"1 on quiet
days and 50 m sec"1 on disturbed days. The reversals of drift are rapid
and occur about 0600 and 2000 hours. In the E region the drift velocities
are about 55 m sec- 1 during the day and directed towards the west...

The effect of random changes in the radio diffraction pattern as It
moves across the ground has been assessed by considering the characteristic
fading velocity, and it is found that drift velocities deduced by a simple
'time displacement' analysis would be about 36% too high on average, al-
though the error would be considerably larger than this at certain times
of the day.

Elongation of ionospheric irregularities in the D, Z and F rMions
increases from about 1.5 In the D region to more than 10 in the F region.

The variation with magnetic latitude of the I-W drift velooky In the
F region shows good agreement with the theory suggeted by Martyn.
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SMITH, E K., Jr., and R. W. Knecht. Some implications of slant Es. NBS
Rept. 5503, National Bureau of Standards, Boulder, Colo. (23 July 1957).

The phenomenon of slant E. occurs both in the Arctic and near the
magnetic equator. This report is mainly on the arctic type. Three examples

, are seen in the ionograms in the report, representing different stages
of the same event recorded at College, Alaska, on Feb. 27, 1955.
The first and last records in this group are two hours apart. mustrakive
graphs of the different observations are documented in the text.
MGA

SMITH, E. K., Jr. Worldwide occurrence of sporadic E. NBS Circular 582,
National Bureau of Standards, Boulder, Colo. (1957).

Detailed analysis of Es on a worldwise basis, combining the results
obtained from vertical incidence pulse measurements and from field strength
measuremr.ts for v.h.f. oblique incidence propagation. Considerations are
given to the structure of the Es region, classification of Es types, iono-
sonde scaling conventions and power-dependence of fEs, temporal and
geographical variations, height of occurrence, frequency-dependence of
occurrence and correlations with magnetic activity. Three major Es
zones (Equatorial, Temperate ;and Auroral) are distinguished on the basis
of the temporal Es characteristics, the Eqvitorial zone being recognized
only on the daytime side of the earth. Possible energy sources of Es are
considered, and it is concluded that they are terrestrial for Temperate
zone Es, extra-terreatrial (solar corpuscles) for Auroral zone Es, and
related to the equatorial electrojet for Equatorial zone Es.
PA

SM•TH, E. K., Jr. Sporadic E observed on VHF oblque-incidence circuits.
AGARDograph 34, 129-146 (Sept. 1958).

This paper is concerned with sporadic Z as observed on. VHF circuits
operated by the National Bureau of Standards. The only circuiftor which
extensive analyses are available is the tu:tial ionospheric scatter circuit
running from Cedar Rapids, Iowa, to Sterling, Virgidn, In the United
States, and operating at 27.7775 and 49.8 Me/s with high galn rhombli
antennas. During the last year, observations have s been made over
three frsquncy yagi to yagi oircults (30, 50, and 74 Mo/s) and four
frequency rhombic circuits t30, 40, 80, 74), all circuits having their
transmitters In Long Branch, inois, and their reaeivers on Tablo Mesa,
near Boulder. Colorado. Another series at circuits cperatbi on -0 Mo/s
extend from iumitamamo Bay, Cuba, down across the magetc equator In
South America. A companion circuit to this later seria rum from the
northern part of Luzon in the Phillppnes to Okinawa In the RylW blands.
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"Preliminary observations are presented for some of these circuits. A:
rather crude but simple method is shown by which it is possible .o preJict
VHF field strength levels from vertical incidence data. Simultaneoub
fading rate measurements made on 30, 50 and 74 Mc/s over the Long
Branch to Boulder path indicate that fading during sporadic E normally
has a period of a few seconds. However it is not uncommon for fading
on 30 Mc/s to be more rapid than on 50 Mc/s; 50 Mc/s to be more rapid
than 74 Mc/s. Results such as these seem to point towards a mechanism
where intense patches of ionization occur in the E region and reflections
take place when plasma densities pertinent to the frequency and obliquity in
question occur. When referred to the iuverse distance level, signal
strengths during periods of sporadic E propagation appear about 10 dB
higher on 5 element yagi antennas than on high gain rhombics.
N

SMiTH,, E. K., Jr., and J. W. Finney. Pecularitles of the ionogphere in the
Far East: A report on IGY observations of sporadic E and F-egLon
scatter. J. Geophys. Res. 65 885-892, (March 1960).

This paper considers the results for the period October 1, 1957, to
October 1, 1958, from the IGY 'VHF oblique-incidence sporadic-E
measurements' program which operated circuits at 50 Mc/s in the Far
East and the Caribbean. Sporadic E is found to be three to five Umes
more frequent in the Far East than in the Caribbean for reflection coefficients
of -20 to -80 db relative to inverse distance. Negligible dependence of mag-
netic activity is observed in either area, but diurnal and seasonal variations
are more regular in the Far East. It is suggested that this longitudinal
difference may be due either to the influence of the East Asiattc monsoon,
perhaps through the mechanism proposed by Martyn, or to the difference
in the relationship of magnetic dip to geographic latitude in these two areas.

A peculiar evening signal enhancement, referred to as the 'Far
Eastern anomaly' or the 'evening signal anomaly,' appeared quite regularly
in the Far East, and pulse-Aelay measurements indicate the probable source
of the reflection to be the F region. The corresponding effect in the Carib-
bean is aboui 100 times less frequent, if it exieft at all. The nF (ayer
tilt) reflection mechanism proposed by workers at Stanford does not appear
too promising in this case, owing to the pulse broadening of the order of
1 millisecond which is normally encountered In the evening signal anomaly.
A mechanism thatwould explain the structu of the observed elnla In-
volves reflection from field-aligned Ionlion similar to the mechanism
invoked to explain the 'low-latitude aroa echo" observed at otanford.
A
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SMITH, E. K., Jr., and J. W. Finney. Peculiarities of the ionosphere in the
Far East: sporadic E and F region sc atter. IN: Beynon, W. J. G.,
ed., Some Ionospheric Results Obtained During the I.G.Y., Proc.
Symposium URSI/AGI Committee, Brussels, Sept. 1959, 182-192
(Elsevier Publishing Company, New York, 1960).

Through a study of ionosonde data from the world-wide network of
stations and of miscellaneous oblique-incidence field-strength measure-
ments made in Japan and the United States it was discovered shortly be-
fore the beginning of the I.G.Y. that sporadic E appears considerably more
intense in the Far East than in siftilar latitudes in the Western Hemisphere.
Comparisons of sporadic E data are very difficult unless made under
identical conditions. Therefore an experiment was designed which consisted
of recording transmission loss over two matched 50 Mc/s oblique-incidence
circuits of approximately 800 miles in length, one in the Far East and the
other in the Caribbean. The principal advantage of an oblique-incidence
circuit over a vertical-incidence one at the equivalent frequency (about II
Mc/s in this case) is that although the amount of sporadic E observed
would be comparable, the effect of D region absorption in decibels at
50 Mc/s would be less than at II Mc/s by a factor of about 4.5.
A

SMITH, E. K., Jr. Report on the first international symposium of equatorial
aeronomy, Peru, 18-27 September, 1962. IN: Semi-annual Report
'to Voice of America, NBS Rept. 7621, National Bureau of Standards,
Boulder, Colo., 101 (July 1962).

The conference on Eq, atorial Aeronomy was held on September 18-27,
1962, near Huancayo, Peru. Attendance at the conference covered es-
sentially two categories of people: the active workers in equatorial
aeronomy (mostly magnetic and ionospheric aspects) and those from
laboratories in South America who might well profit by the exposure to
workers In equatorial aeronomy. See also Cohen for a brief statement
on the symposium.
Excerpt
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SMITH, W. B., and D. H. Pratt. Phase stability of HF signals over a 1600
km link. Paper presented to Committee HI, URSI Fall Meeting,
Austin, Texas 23 Oct. 1961.

Measurements of the phase stability of HF signals propagated over a
1600 kilometer link have been made using atomic cesium frequency
standards at both terminals. By the transmission of short pulses it was
possible to observe E- and F-layer reflections simultaneously; identification
of the observed modes was accomplished with the aid of oblique ionograms.
Selected pulses from among the several modes were recorded on magnetic
tape in a format suitable as an input to a digital computer, with which the
data analysis was performed. The results in the case of E-layer reflections
show stabilities over ten-minute intervals approaching the nominal stability
of the standards, and commensurate with reported results of VLF measure-
menW s. F-layer reflections recorded simultaneously show stabilities less
typically by an order-of-magnitude.
A

SOMAYAJULU, Y. V. Oblique incidence pulse observation of the ionosphere
near the maximum usable frequency. Current Sci. 21, 155-156 (1952).

Pulse transmission experiments at frequency 21.7 Me/s over a
distance of about 1500 km at Delhi indicate that Appleton's and Beynon's
explanation of a parabolic region of the reflecting layer (F2) is correct
since the sequence of observation was similar and particularly befause a
sudden increase in the signal intensity was clearly observed.
N

SOMAYAJULU, Y. V., B. Ramachandra Rao, and E. Bhagiratha Rao. Investi-
gation of travelling disturbances in the ionosphere by continuous-wave

. Nature UM 818-820 (1953). f

The first letter describes a simple method using continuous short-.
wave signals and oblique-incidence pulses from Madras recorded et
Waltair, 640 km distant. A typ!cal record indicates velocities of 200-40W)
m/s, larger and leas uniform by day than by night. The second letter
describes a similar method using two short-wave transmiseions on close
wave lengths.
N

505



S

SOMAYAJULU, Y. V. A study of the changes in the F-region during severe
magnetic storms. Scientific Rept. 146, Contract AF 19(604)4563,
Ionosphere Research Laboratory, Pennsylvania State University,
University Park, Pa. (1 March 1961). AD-256 941.

A study is presented of the F-region changes associated with three
severe magnetic storms during the IGY period. The h'-f data from
Washington D.C., Panama, Talara and Huancayo Stations, which lie close
to the 75 degree W meridian, are used and the corresponding N-h profiles
are derived using Budden's method. The N-h profiles are studied in
terms of: (1) Storm changes in the N sub m F and h (.9N sub m F), (2)
The total electron corlt('n up to 200 km and between 200-300 kin, and (") The
vertical drift velucitice diirlag storms. The storm changes in N sub m F
and h (.9N sub m F) iudic;at, that large height deviations of the order of 200
km may occur during severe storms. The vertical drift velocities during
storms computed from the experimental N-h profile data reveal upward
drifts. These drifts produced by the disturbance fields are found to be of,
the same order as the quiet day drifts. It is found that the total electron
content up to 200 km is relatively unaffected by storms and that the elec-
tron content between 200-300 km is decreased at least during the first
day of the storm in lower latitudes, by about 20-50%. The time sequence
of the ionospheric events during storms is believed due to the hydromagnetic
effects of the interaction between solar plasma and geomagnetic field.
A

SOMAYAJULU, Y. V. Ionospheric research. Some features oi tho F region
electron density and height variations in the eqýuatorial regions.
Scientific Rept. 192, Contract AF 19(604)-4563, Pennsylvania State
University, University Park, Pa. (1 Sept. 1963).

The average quiet day variations in maximum electron density (NmF)
and h(0.9NmF) for the equatorial stations Talara and Huanwiyo are pre-
seuted, derived from the true-height profiles for the five international quiet
"days for each of the IGY months. The results show that the forenoon and
evening slopes of the Nm(t) curves, as well as the postaunset increase in
the F-region heights have similar semiennual variations. This semi-
annuai variation has a close correlation with the variation of the cosine
of the noon solar zenith angle of the sun, indicating that electrodynamic
drifts are important in producing the observed seasonal variation. Vertical
drifts alone are inadequate to account for the large slopes in the Nm(t)
curves: east-west drifts, such as those observed experimentally, can
cause large variations in these slopes. The phenomenon of the postauneet
increase In F-region heights, and its seasonal variation, is explained. I
is concluded that, in the equatorial regions, the ionospberic electro-
static fields play a dominant part in causing the equatorial anomalies.
STAR
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SOMAYAJULU, Y. V. Changes in the F region during magnetic storms.
J. Ceophys. Res. 628, 1899-1922 (1963).

The F-region changes associated with three severe magnetic storms
during the IGY period are studied. The relevant h-f data from Washington
(D.C.), Panama, Talara, and Huancayo, which lie approximately along
the 75*W meridian, are converted to electron-density-true-height profiles.
From the N-h profiles the storm changes in Nr F, h(0. 9Nm F), Nr, 'l
total electron contents up to 200 and 300 km, and the thickness pa'ameters
[!i(0.9 NmF)-h(O.5NmF) are determined and studied. The storm changes
in NMY and h(0.9Nmir indicate that large height variations of the order of
200 km may occur during severe storms. It ib shown that the changes in
NmF and h(0.9NmF) during given storms could be separated into two parts:
one due to polar Ionospheric DS currents, and one (Dot) due to curient
systems well above the ionosphere. These have general features similar
to those derived for averages of storms although several signlfic - nt
departures are observed. It is found that the total electron content up to
200 km is relatively unaffected by storms; NmF, the electron content between
200 and 300 kcm, and the subpealc electron content are, in general, found
to decrease during strong storms from middle latitudes to the equatorial
region. The thickness of the F region is also found to increase after
the SC during the first day of the storm. The DS part of the Ionospheric
storm effects is explainable by Martyn 'a drift theory. The Dot part
can be expilah;ed as being due to an enhanced loss coefficient at relevant
height levelIs. The increase in the loss coefficient is believed to be caused
by Ionospheric heating during storms as inferred from recent batellite
drag data.
A

SOMAYAJULU, Y. V. E7vidence on the horizontal diffusion of F-region ioniza-
tion along the magetic lines of force in equ!aor 1 latitudes. J. Gsa-
pLys. Res. 69, 5~61-563 (1264).

Wright §961i has reported that at Bogota (dip 32',N) the F-region
ionivation. density at night Is greater than that in the regions nearer the
dip equator. He slugests that horizontal diffusion of equatorial ionization
slong the ASAth's magnetic field liras could exlak this feature. Recently

-1963 xaininng the f.F 2 datA for IUopokdvllle (dip 33*8) and the
h1F data for lwan (d G-8), has found that during the period of sunspot
maximum a poatsunset Incres~e in foF14 oft~re In the transit ion zone
(30'-4W) around 2100-2200 hours. Hie has also touzidthat this phenomenon
occurs about 2 hours after thepostauuset rise in h'F nocurs at lbibada
which Is in the sarns IoqnWctau. zon. arid he infers that horizontal
diffusion Is reaposible for it. ARaos analysis is based only on the iono-
spheric data for the eqUimnotl months during the JOY. The purpose of
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this note is to analyze this phenomenon in more detail and to present
evidence that would lend support to the horizontal diffusion theory.

For this analysis the NmF data for Panama (dip 39.2"N) and true
height data for Talara (dip 130N) for the IGY period on International

Quiet Days are used. These stations lie approximately along the 75"W
meridian.

From Figure 1, which shows the average diurnal variation of NF at
Panama for various IGY months, it cap be noted that during the equinoctial

months a pronounced postsunset increase in the N.mF occurs around 2000-

"2100 hours, corroborating Rao's results. In Figure 2 are plotted the
maximum value of NmF in the interval 1800-2200 hours versus the month
and the maximum value of h(0.9NmF) at Talara at the time of the minimum
post•unset rise In height. it is seen that the postsunset increase in NmF

at Panama exhibits a seasonal dependence, has a maximum around the
equinoxes, and is practically absent during the solstices. This seasonal

behavior shows a very close correlation with the seasonal dependence of
the post••set rise in the heights at Talara. It is of interest to note that

the maximum increase in NmF at Panama occurs when the postunset rise
at Talara is maximum, whereas dirng the solstices, when the postaunset

rise in the height at Talara is minimum (of the order of 30-40 kmn), the post-
isunset increase in NmF at Panama is practically absent. Furthermore, this
-- phenoieno occurs after the postunset rise in height at Talara; the time

i idelay varies from 1/2 to 1 1/2 hours. Mm observations ar in agree-
ment with Rao's results except that he finds a time delay of th. order of

2 hours for stations In the African zowe.

Mitts [1946] suggested tat the equatorial anomaly, i.e., the existence
ofba belt of low noonume foFn values oentered on the magnetic eqW.tor.
might be explained by supposing that the knization n the equatorial regions
diffuses horizontally along the geomagnetle Unes of forc to higher latitudes.
Mart- 59553 awndd Xnc [1M have devloped this doz f r by by
Including the effects due to letrodbnaical difts. ThMe drifts lift
the ionlratton to greater h*ights, from which they steqstydrop down
the field liwe. Duncan ealsiaee that the eqilbrunm dmto would be
re,%hod about 2 hours after the ris In the sqstrl 10mo0phee.

From th obseratonal evkdnce. (1) that the` postalnst rise to heights
occurs only during years of maximi smpoot actvity [Ap& , 1I0;
Roo, 1963], ( that It has a s [isyilu. 1 . aLd
(3) that thae postaunset Increas In NmF oasoocur during Soe hWg inqPot
activity mad has a seasonal depeadens ioa c ce~orrelatd with he POst-
go t rine •n the equatorial regions, we establish ta posts=* ris
of the F region In equatorial regione acts as & Usativ meod IM to the
po.t..nset inmase In NmF In the trosltlo sons. Ths the observational

evidence presented here may be Waon to lead .a.,oe support to the Mitre-
MArtyn diffusion theory.
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Ferraro [1961), Lyon [1962], Gliddon and Kendall [1962], and
Goldberg and Schmerling [1963] discussed, from a theoretical viewpoint,
the phenomenon oi diffusion of ionization along the magnetic lines of force
and invegtigpted the quantitative effect on the equilibrium distribution in
the equatorial belt. It appears from the work of Goldberg and Schmerling
that in the height range of 250-650 km horizontal diffusion significantly
modifies the equilibrium distribution of ionization, causing P belt of low
values of NmF to appear. For a considerable increase in NmF to occur
toward the edge of the equatorial belt it appears to be necessary that the
ionospheric region close to the equator be lifted above about 500 km. This
will probably explain the observation that at Talara, where the initial
heightB are of the order of 450-475 km, the posts.,nset rise in height must
exceed about 50 km for an increase in NmF to Wippear at Panama.
Excerpt

SOMAYAJULU, Y. V. Some features of the F-region electron-density and
height variations in the Me.atorial regions. J. Geophys. Res. 69
1329-1339 (1k April 1964).

This paper presents the average quiet day variations in NmF and h
(.9NmF) for the equatorial stations Talara anO Huancayo, derived from
the true-height profiles for the 5 international quiet days for each of the
IGY months. The results show that the forenoon and evening slopes of the
Nm(t) curves, as well as the postsunset increases in the F-region heights,
have similar semiannual variations. It is established that this semiannual
variation has a close correlation with the variation of the cosine of the
noon solar zenith angle of the sun, indicating that electrodynamic drifts
are important in producing the observed seasonal variation. It is shown
that vertical drifts alone are inadequate to account for the large slopes
in the Nm(t) curves. It is further shown that east-west drifts, such as
those observed experimentally, can cause iarpe variations in these slopes.
A seasonal variation of the wind pattern may account for the obseeved
seasonal variation. Ch this model the phenomena of the postsunset in-
crease In F-region beights, and its seasonal variation, are explained. It
iS indicated that several other eqattorial phenomena such as spread F
and flutter fadin can be explained on this basis. It is concluded that, in.
th equatoal r ,gionso th iospher el ctrostatic fields play a domimnt
part in coat"si Ow equ&atorial 'oanm"Ies.'I

A
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SOUTHWORTH, M. P. Night-time equatorial propagation at 50 Mc/s: first
results from an IGY amateur observing program. J. Geuphys. Res.
65, 601-607 (1960).

During IGY the American Radio Relay League collected radio amateur
reports of 50- and 144-Mc/s ionospheric propagation, evaluated them, and
transcribed them onto punched cards. Analysis of 50-Mc/s equatorial
intercepts, begun this summer at Stanford University, has revealed three
apparently related types of nocturnal, low-latitude propagation: (1) long-
range transequatorial, as first noticed by amateurs in 1947; (2) medium-
range between stations making transequatorial contacts and stations near
the magnetic equator; (3) short-range, similar to sporadic E but occurring
regularly with the first two types. Where ever they appear these modes
are present almost nightly during certain months, and evening propagation
of frequencies up to 1.5 times the maximum daylight MUF is not uncommon.
Comparison of transequatorial results in the Americas and the Far East
has shown that seasonal behavior is not same at all meridians. Pronounced
negative correlation with magnetic activity is a world-wide feature, how-
ever, which suggests a direct relation to equatorial spread F. Quantitative
professional data at the frequencies of interest are rather rare, but
comparisons with Dueno's backscatter soundings made at the University
of Puerto Rico indicate that the 20- and 40-Mc/s transequatorial propaga-
tion seen there is not the same as what amateurs experience on 50 to
75 Mc/s.
MGA
Similar material appeared in:

SOUTHWORTH, M. P. Nigt-time radio propsaaion In equatorial reions:
first results of the IGY amateur radio research prgram. Trans.
-%m. Geophys. Union 41, 693-698 (1960).

SOUTHWORTH, M. P. Night-time equatorial propagtion at 50 Mo/s, final
results from an IGY amateur observing prortms. Final Rapt. 31,
Coatract AF 19(604)-5235, Electronics Laboratory, Stanford
University, Stanford, Calif. (31 May 1960).

During the MY the American Radio Relay League collected radio
amateur reports of bO and 144 Mo/s ionospheric propation, evaluated
and transcribed them onto punched cards. Additional reports throu
March 1960 have been collected from 104 selected amateurs by the
Stanford itadiosolence Lab, and lWted into 10, 794 punched cards. * 'Tsee
and the IOY amateur dAt relating to 50 Mo/s low-lat prqpation and
trans-equatorial scatter have been studied during the program described

In this report. Results in summary trans-equaorIal scatter (TI) causes
VHF signals to propagate over 5000-10, 000 km trans-equatorial paths
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during the evening hours. Diurn._ and seasonal plots are presented for
typical paths, and it is conciludod that there are actually two kinds of
evening trans-equatorial propa,,tican. The first type provides steady
signals and is best between 1800 and 1900 local time. The second gives
signals a deep flutter tade and maximi-es at 2000-2200 local time.
Both types occur most often during the eq*tnoxes. TE is shown to cor-
relate negatively with magnetic activity and positively with spread F and
with the height of the F layer on the equawor at 1900 local time. Either
magnetic or h'F data for this hour can be used to predict spread F and TE
a few hours later, especially at the equinoxes. The report is well supplied
with graphs, charts, and tables representing the collected, computed and
reduced data.
MGA

SPITZER, L., Jr. Physics of Fully Ionized Gases (interscience Publishers,
Inc., New York (1956).

Both in gaseous electronics and in theoretical astrophysics there is a
growing interest in gases which are almost completely ionized. Although,
"of course, ionization is never entirely complete, under some conditions
the fraction of neutral atoms present may be less than a few percent, and
such atoms may therefore be neglected in discussing most of the physical
properties of the gas. Moreover, in the case of hydrogen, which is over-
whelmingly the most abundant element in the stars and in space, atoms
which are ionized are also stripped. Helium, the next most abundant nucleus,
is mostly stripped of its two orbital electrons inside the sun and in the solar
corona. Even in a laboratory gas certain observed phenomena, such as
plasma oscillations, are independent both of the presence of neutrl
pacticles and of the presence of bound electrons in the ionized at cww.
Thus for many purposes It is useful to analyze theoretically tht t avlour
of a gas composed entirely of electrons and bare nuclei.

Such a gas has the advantage of considerable simplicity in certain
respects. Most quantum-mechanical effects can usually be Ignored, ex-
cept for a relatively weak interaction with the radiation field. Most of the
phenomena important in normal gaseous electronics disappear; electron
attachment, dissociative recombination, e3citation Lad deexcitation of atoms
and molecules, electrical breakdown, eta. . do not occur in a fully lonized
gas. Since a solid surface would reduce the Ionization, ay such surce
must lie far from the regions being considered, ndhence the complicated
processes occurring at a solid surface may be Ignored. Likewise, the
encounters between charged particles become in principle much simpler.
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as inverse-square forces are more precisely calculable than the compli-
cated interactions of systems containing bound electrons.

The problems encountered in analyzing a fully ionized gas are of
several types. Although the basic physical processes are simpler than
in an ordinary gas the motions are more complex, since these are coupled
to the electromagnetic field. In the presence of a strong magnetic field
this coupling between dynamics and the electromagnetic field gives rise to
novel phenomena, first explored by Alfv~n, which are included under the
general heading of magneto-hydro~yamics, or, more simply, hydro-
magnetics. The latter term, suggested by Cowling, will be employed
here. Even in the absence of a magnetic field the electrical properties
of a completely ionized gas permit complicated motions, which involve
electrostatic restoring forces, and which have no parallel in ordinary
gases. Finally, the theory of collisions between particles, in so far as
these determine the transport coefficients-electrical and thermal conduc-
tivity, viscosity, etc. - and the time of relaxation-the time required to
establish an equilibrium velocity distribution-may be approached with a
new viewpoint, because of the long-range character of the inverse-square
forces involved.

Considerable progress has been made in these fields during the last
few years, especially as a result of the work by Alfvyn, Cowling, and
Schliiter. No general but simple introduction to the subject now exists,
and any one wishing to familiarize himself with this area must consult
mostly original papers in a variety of journals. The purpose of the pre-
sent tract is to provide such an introduction, designed for students at
the graduate level.

The subject matter is restricted to those topics that may serve to
give a theoretical understanding of the subject. Although some observational
data are available on certain phases of the subject, as, for example,
electromagnetic and electrostaic waves in plasmas, this material has been
entirely excluded. To have added a detailed comparnon with observations
would Lave meant a considerable Increase in the length and scope of this
tract.

The book is designed for those who have had an introducory course in
theoretical physics, but are otherwise qa with the detailed kinetic
theory of gases. For example, a knowledge of Maxwell'a equations is
assumed, and likewise a famillaity with. the elements of vector analysis,
such as is provided in the introductory chapter of Page's DhArorctioa to
Theoretical Physics. The bibliography is by no moeas complete, but it
includes some of the basic papers in aack area. It is hoped those who
may work in the general field of fully ionized gases will find the references
a useful lntreduotion to a new and rapidly growing arm of physics.
A
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SPREITER, J. R., and B. R. Briggs. Theory of electrostatic fields in
ionosphere at polar and middle geomagnetic latitudes. J. CGophys.
Res. 6G 1731-1744 (1961).

Analysis is developed for electrostatic field of arbitrary horizontal
"scale in horizontally stratified, partially ionized gas subject to imposed
magnetic field in polar and middle geomagnetic latitudes; attenuation is
riuch less than which would be experienced in homogenous medium;
relatively small changes in ionospheric conditions can result in substantial
changes in attenuation of electric field with height.
El

SPRElTER, J. R., and B. R. Briggs. Theory of electrostatic fields in the
ionosphere at equatorial latitudes. J. Geophys. Res. 66, 2345-2354
(1961).

The properties of the elongated electrostatic fields that are required
to provide the coupling mechanism in the dynamo-motor concept of the E
and F region3 of the ionosphere are examined theoretically for the condi-
tions that prevail in equatorial latitudes. The analysis is developed for
an electrostatic field of arbitrary horizontal scale in a horizontally
stratified partly ionized gas subject toan imposed magnetic field having
the form of a parabolic arch over the equator. The anisotropic character
and continuou variation with height of the conductivity are retained
throughout, and numerical solutions are determined for the attenuation
of the electric field with distance along the field line.

The results are similar qualitatively to those found previously upon
analysis of the corresponding problem for middle latitudes, but the attenua-
tion of the electrostatic field with height is considerably greater. IA
develops, in particular, that the coupling between E and F regions is very
small for fields having horizontal wavelengths of a fewkilometers. It
follows that the dynamo-motor concept could not be used to account for the I.
presence of irregularities of this scale. On the other hand, it is found
that almost all the attenuation occurs at heights near that of the E region.
N an electrostatic field having a horizontal wavelength of a few kilometers
could be produced at heights of, say 200 km or greater, It follows that it
would be very elongtsd and extend with little chane in amplitude from
hemisphere to hemisphere. The results also indicate that effective couplin
could be achioved for fields having horizontal wavelensgths of the order of
tens of kilometers, but the asmptions Introduoed to simplify tht manasis
may impair the quantitative reliability of the results for fields of this
scale.
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SPREITER, J. R., and A. Y. Alkane. On the effect of aring current onthe
terminal shape of the geomagnetic field. J. Geophys. Res. 67,
2193-2205 (June 1962).

The interaction between a neutral stream of ionized solar corpuscles
and the combined magnetic fields of a 3-dimensional dipole and an equatorial
ring current is investigated. It is assumed that the stream is confined to
the exterior and the magnetic field to the interior of a hollow, the boundary
of which is defined by a thin current sheath. The shape of the hollow is
sought by application of an approximate method of solution. Results are
presentkd for the traces of the boundary in the equatorial plane and the
meridian plane containing the dipole axis and the Sun-Earth line for the
case in which the dipole axis is normal to the Sun-Earth line. It is found
that the presence of the ring current has the effect of greatly increasing
the..-. 1, as well as altering the form, of the region bounded by the current
sheath. The calculated results are, moreover, in essential agreement
with tl observations when representative values are inserted for the
proqpe of the ring current and the solar corpuscular stream.

SRMWA, B. The diurnal variation of sizes of sudden commence-
ruaft at imoulses In the Kodalkanal magnetoram.. Indian J.
.Met. Geae. 11, 64-68 (1960).

Combined data of sudden commencements (SCs) and sudden Impulses
(S1* reconded at Kodaikanal (geomagnetic latitude 0. 6,N) during the period
1943!-57 hw bee analysed in order to study the relationship between the
diurml vft~rio (DV) In the amplitudes of the Impulses and the DV in the
borlauntal cmponent of the earth's magnetic field (the Sq variation in H).
There is a tlatically significant dayime enhancement in SC sizes similar
to tihe nhammomt in Sq variation. Furthermore, this enhancement is
larger on days with larger Sq variation than on days with smaller Sq varia-
tion . ?bwe medts confirm those obtained by Forbush and Vestine (1955)
at Huaaeam , other station near the geomagnetic equator.
A
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STACEY, F. D., and P. Westcott. Possibility of a 26-or 27-month periodicity
in the equatorial geomagnetic field and its correlation with stratospheric
winds. Nature 196, 730-732 (1962).

The existence of an irregular fluctuation of period about 2 years is
inferred from a plot of monthly mean values of the horizontal component
of the earth's magnetic field on quiet days at Huancayo, Alibag and Apia.
The results of spectral analysis of the Alibag data show a broad peak at
26 months, and for Apia at 27 months for two subdivisions of the data.
The Huancayo material gives only weak and ill-defined peaks. These
results are taken as evidence that the 26-month recurrence interval in
stratospheric winds over equatorial regions may extend into the ionosphere:
but values of midday critical frequencies and virtual heights of the E layer
at Singapore, Ibadan and Slough provide little support for this idea. It
is concluded that the oscillatory mechanism must be a property of the
stratosphere.
PA

STACK-FORSYTH, E. F. An eperimental study of the propagation of 10 cm
radio waves over a short non-optical sea path, Proc. MEE 102B,
231-236 (1955).

A series of tests in microwave propagation over a sea path of length
1.14 x the optical horizon was conducted off the coast of Natal during the
winter months, April-August, 1953, to study the effect upon signal
strength of variations in the structure of the refractive index profile
of the atmosphere in the first few hundred feet above sea level. The
radio equipment operated at a wavelength of 10 cm, and vertical polariza-
-Aton was used throughout the tests.

.TFrLTNER, Z. Equatorial flutter-fading observations. IN: Semi-annual
Repcrt to Voice of America, NBS .7696, National Bureau of
Standards, Boulder, Colo., 155 (July 1M).

This paper presents the results of autonoorelation, power spectrum,
and probability distribution claculations upon signal strength reoord.

mC
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obtai: , n an east-west path close to the geomagn~etic equator during

flutter-fading events. The autocorrelation curves sAow a significant

oscillation about the zero axis at large time lags. The power spectra

show that significant power is present at frequencies up to about five

cycles per second and persists throughout the course of a flutter-fade

event. Last, a Rayleigh distribution of amplitudes is observed through-

out the course of an event.
A

"STILTNER, E. Modulation tests for a 1160 km path along the mangtic

equator. IN: Semi-annual Report to Voice of America, NBS Rept.

7696, National Bureau of Standards, Boulder, Colo., 205 (July
1963).

This paper presents some of the results of an investigation of radio

propagation in the equatorial ionosphere. See "A Study of Radio Prop-

agation Characteristics in the Equatorial Ionosphere" by A. F. Barghausen

and D. A. Lillie, elsewhere in this report for further description of the

program.
During the recent field studies of radio wave propagation at equatorial

latitudes, some modulation experiments were planned to determine iono-

spheric transmission characteristics within an audio passband.

This note describes the results obtained from a series of four

exposures made during an early morning test run. Equipmental failure

precluded obtaining any further data at the time.
"This experiment was conducted as follows, using the equipment

described in further detail in a previous report. The 10.1018 Mc
transmitter at Monrovia, Liberia was amplitude modulated with a scan-

ning waveform, of a one millisecond period. The equipment used for

generating the scanning waveform and driving the transmitter included

a Telktronix 162 wpveform generator, and a Heathklt audio amplifier to
drive the low-impedance modulation input on a Hewlett-Packard 606 RF

generator tuned to 10.1018 Mo.
At the receiver, at Acora, Ghana the diode output from the second

detector on the 8P600 receiver was oonn3cted directly to the do input

on a Hewlett-Packard oscilloscope. Receiver bandwidth was set to

maximum during tha modulation tests. Fhoto•rsphs were taken of the

oscilloscope trace at the noted times.
A harmonic expansion was calculated for eacb of the photographs

using the procedure described in Appendix I, and ratios were obtain
of the observed amplitudes of each harmonic to the deoretic amplitudes

which were assumed transmitted. The pho as and the resultant

transfr curves awe pi -a.avad in figwres 1 to 4.
The immediate features of thes curves are the larg amplitude

ohanges which take plaoe witWh the space of a few minutes for a given
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frequency and the irregular variation of the curve over the frequency
range of 1 to 10 kc, suggesting that transmission characteristics vary
independently for a frequency difference of a few kc.

This conclusion is of interest in view of the fact that these tests
were made during the morning when the propagation between Monrovia
and Accra was stable. The Doppler records show steady E and F level
reflections so an irterference pattern between the two is possible.

However, variations induced by the equipment cannot be ruled out for
these data. The main conclusion from this preliminary test should be that
"the experiment should be repeated, both during quiet and disturbed periods
with some further checks to make sure that the ionosphere is responsible
for what is observed. For example, care should be taken that the signal
generator and transmitter are not driven past linear operation. A receiver
and oscilloscope near the transmitter to receive the ground wave should
assist in this check. The receiver should be operated on AGC to ensure
that overloading of any receiver circuits does not occur. A high-speed
chart recorder connected to the AGC during runs would be useful for later
interpretations of the results.
Excerpt

STRANZ, D. Solar activity and the altitude of the tropopause near the equator.
J. Atmos. Terrest. Pkvs. L6, 180-182 (1959).

The study of the behaviour of the tropopause at Leopoldville (# = 4.4°,
A = 15. OE) during the period of radio soundings from June 1953 to
December 1958 reveals a very good ocrrelation between its pressure
level or altitude and the Zurich sunspot number R of solar activity. iA
can be seen from Fig. 1 that the running means over 13 months of the
"height of the tropopause, being at 15.3 km in rleoember 1953, begin to
rise at the end of 1955upto 16.4 kin, reached at the end of 1957. This
increase coincides with an increase of the running means over 13 months
of sunspot number from R13 = 70 to R13 a 200 by the end of 1957.
No regard has yet been given to a possible phase lag between the two
phenomena. An investigation of the temperature at the tropopause
level shows its constancy throughout the 5 years from sunspot minimum
to maximum, so that the average temperature of -79.80( for the 5 years
imoves up from 15.2 to 16.4 km height. It is obvious thw this displace-
ment of the Important dlisoontinuity between the troposphere aad the
stratosphere, in close relation with the solar activity, will influence the
vertical distribution of atmospheric temperature and, as a consequence,
the weather phenomena too. We feel this is the first time that such a
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close correlation between sunspot number and the behaviour of the low
atmosphere has been shown. Hitherto the Influence of solar activity on
tropospheric phenomena was supposed to be doubtful or negligible, and
on the stratosphere or ozonosphere it was assumed to exist, but was not
yet clearly shown. The change of the temperature gradient in the upper-
most troposphere from 1954 to 1958 reveals interesting effects on weather,
one of which will be dealt with here. The mean vertical temperature
gradients between 150 mb level and the tropopause for each year from
1953 (only June to December 1953 are available) and 1954 to 1958 are
shown in Fig. 2 together with the total precipitation of the corresponding
years at Leopoldville airport. The use of an average of railfall upon a
greater area would be more reasonable and will be tried later. The
total precipitation is, in general, lower when the temperature decreases
less with height, and this is the case in the years of high sunspot number
due to the elevated tropopause. There is still a high random effect in
the precipitation of a single station. The relative humidity, however, at
the highest level regularly measured, i.e. at 300 mb, shows still much
better correlation (Fig. 3). Water vapour in the atmosphere is transported
upward from the ground, the amount being the greater, the greater the
temperature gradient. This happens at sunspot minimum (1954-1955)
while at sunspot maximum (1957-1958) the mean relative humidity is
considerably reduced. It remains to be studied if this phenomenon is due
to an actual deficit of water •vapour or is a consequence of increased

-temperatue at 300 mb.
Finally a plot of a running means over 3 months of the differences

for each month, between the mean maximum height of tropopause at
sunspot maximum andthe mean minimum height at sunspot minimum
shows a definitely greater amplitude of displacement of this surface
during the second half of the year. For this period the amplitude is
1800 gdm (or 12%) against 1000 gdm (or 7%) for the firathalf of the year.
This change in amplitude due to the solar activity upon the altitude of the
tropopause is in fairly good agreement with the yearly variation of total
amount of ozone above Leopoldville (available for 1958 and assumed similar
for the other years). Its highest value appears in September, too, and
its lowest in April/May. This result (Fig. 4) may give a hint towards a
probable mechanism involving the solar activity upon the ozone layer
with further transfer downward to the tropopause. A detailed investigation
of other phenomena will be published later elsewhere.
Excerpt.

518



S

STROUD, W. G. and W. Nordberg. Seasonal, latitudinal and diurnal varia-

tions in the upper atmosphere. NASA, Washington, D. C. (April
I 19•1).

Over the past decad- some 30 vertical sounding rockets carrying the

grenade ex~riment have been fired in the Arctic, in the middle latitudes,

and in the equatorial Pacific. The tempcratures and winds up to 90 km

have been measured in the various seasons of the year. The majority

of the measurements were made as part of the IGY program, the most

recent data being the IGY Guam fir!ngs. Although the-re were individual

variations of significance at the three different latitudes, the outstanding

feature of the wind data hi the uniformity with latitude of the seasonal

variations. Over the latitude-altitude ranges sampled, the winds are

strong and from the eý• t during the winter months; waak and from the

east during the summer months. The measurements made at the seasonal

turnovers particularly reveal the nature of the circulation pattern.
JPL

SUCHY, K., and F. Vila. Tb. magnetic field in the F2 layer at Dakar.
Ann. Geophys. 12, 277-282 (1956). %lb French.)

The gyrofrequency, fH, at the level of the F2 luyer maxlmum at

Dakar was determined from % slues of tk magneto-ionic separation of

the critical frequencies. The iariation of 1H with height agrees fairly

weUl with that e4qected for the magnetic held of a dipole, ad the diurnal

and annual variations at a fixed height may also be found. 3 was found

that the deviation of the magneto-ionic components in the magnetic meridian

could be neglected for the present oas of monthly median vauies for a
esation of low nip-angle.

A

4.JtGUMA, M. Th. solar diurnal variation in the..mplitude of sudMme
commncoments at tagaeto Mhorms at the equator
J. Geopys. Ptes. Mj, $56-50 (1953).

The question of whether or not h sudden oommeasmedt of maspet
storms is abnorwally lag at the jemagntceqsutor w satudied by
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comparing SC's at Huancayo to those at Cheltenham. I was found that
the sudden commencement is enhanced during sunlit hours at Huancayo,
which is located near the geomagnetic equator.

The present statistics are based on 183 SC's in the period 1922 to
1946. SC's were chosen only when they took the typical form at all of
three stations, Huancayo, Watheroo, and Cheltenham, so that "crochets"
were excluded from the statistics. It is not likely from studies on Sq
that changes in magnetic field of crochets manifest themselves as rises in
the horizontal component of all of the three stations at any hour of local
time. In Figure 1 are plotted the mean of the ratios of amplitudes of the
horizontal component of SC's for Huancayo to those for Cheltenham (the
curve A) and the number of SC's (the curve B) against 75th Meridian
Mean Time. Cheltenham was chosen because the station is located nearly
on the same mearidian as Huancayo, thus eliminating the factor coming
from the relative positions to the sun of the two stations for which the
ratio is taken.

The curve A clearly shows that there exists a solar diurnal variation
in the sudden commencement at Huancayo. The ratio starts ncreasing
in the morning, reaches as high as 5 or 6 between 0 8h and 13, with a
maximum around 11h, and decreaseb towards the evening; it remains
constant throughout the night, the ratio being approximately 1. Thus,
as in the case of the solar daily variation, the sudden commencement
field is augmented during sunlit hours. This suggests that the immediate
source of the main portion of SC which occurs durag sunlit hours at
the geomagnetic equator is within the upper atmosphere of the earth.

The frequency of occurrence of SC 'a as shown by the curve B well
agrees with Newton's result on Grienwich data. That is, there is a
minimum centered around 08 h, and there are afternoon and night maxima
with a break by a secondary minimum at about 1 8h. it might be that the
frequency of SC's depends upon the local time, not upon the universal
time; or, rather it should be stated, In view of the world-wide nature
of SC's, that this frequency curve represents theprobab ity that SC'.
are of the 'typical" form.

Oue might queatlon* whether the diurnal variation of the above ratio
is due to abnormally small SC's at Cheltenham during the daytime instead
of SC's at Huannayo being so larpe. Although quantitative investigation
of We point has not yet been made, it was clear to the writer by
inspection of curves that this effect is due mainly to an enhancement of
the sudden commencement at Hluacsyo. This is ,arther coaftrmed b,,
the fact that the same ratio of SC'a at Huacayo to thos at Wathermo is
also lapr during sunlit hours. The details of the results of the present
,tiady will be published later.

*Ths question was raised by Prof. S. Chapman, with whom the

author bad discussions at Ain Arbor, Michigan.
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SUXHJA, D. E. An analytical method of obtainig re~ceived inut voltags,
required input vo t.!Mges, MUF FS Project~ 5, U - . R)
Si gnal Radfo Propagation Agency, Ft. MOnmouth, N. J. (Sept. 195).
Revised by G. E. Krause, L. C. Kelley, and S. E. Probst (May 1960).

This report presents the step-by-step analytical method used in pre-

dicting receiver input voltages, required input voltages, Lowest Useful

High Frequencies, and Maximum Useable Frequencies. It was originally
written as an Informal document for a twofold purpose: (1) background
for trai~ning of Agency persounne, and (2) as a first W.pproach to the
detailed understanding required by personnel who want ti; reduc-- these
techniques to electronic computer programs. It has received only
cursory editing and some major needed revision has only been mentioned
in the Appoodices. However, considerable interest has been e~qressed
in thi document and the decision to publish it has resulted. Particular
a~sstlm is invited to Section MI Summnary Remarks on page 67.
A

SURYANARAYMM,. R. K. Effect of radio fade-out on the F2-layer. J. Atmos.
Terraot. Plays. 24ý, 57-64 (Jan. 10629).

The fiec of adiofadeout n th ma imu onization density of

the 2-lyerin nvetigaed y cmpaingthefOF2 on the fade-out

day with that on mouroi dlays. The daily variations of the deriation
AfoF2, of the fade-out day f0F2 from the mean, has been studied~ for
twelve. fade-out& which occurt wr durt4 UA# summner seasoný 1n195?,
I%$ and 1959 t(ver fairly ww'*e latituiles v-anging from .ge agti
equator to 350N. The variation in WRtl i- observed to show a pba.
reversal at about 140N geomagnetic latitaide, during the post fade-out
period.
MGA
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TANTRY, B. A. P., and S. R. Kbastgir. Studies in fading of medium-wave

radio signals. Indian J. Phys. 25, 27-32 (1951).

In the present investigation, intensity variations of the down-coming
waves of medihm radio frequencies from Delhi, Dacca, Lahore and

Vijayawada Broadcasting stations as received at Banaras were studied
in the evening and early night hours, there being no ground waves from
these distant stations at the receiving point. Medium-wave signals
fron, Lcknow, Patna and Allahabad Radio Stations were also received
at Banaras and their intensity variations Investigated.

The observations were made with a straight receiver having a suitable

galvanometer in the balanced anode circuit of the detector valve. In most
cases visual observations of the galvanometer deflections due to the varying

intensities of the signals were made. In a few cases only the galvanometer
deflections were recorded photographically on a rotating drum system.

The following types of fading patterns were observed:
(i) Periodic or quasi-periodic fading of slow and quick periods.
(H) Random fading.
"Rogarding the observed periodic or quasi-periodic fading, there were

two distinct orders of periodicity. The 'slow' periodicity has been attributed
to the interference of the ordinary and extraordinary components of the wave
in the ionosphere as described by Appleton and Beynon (1947). The compara-

tively 'quick' periodicity, which was also frequently observed, has been
considered as due to the vertical movement of the ionospheric layer which
usually takes place in the early morning or in the evening or early night

hours. The Ddppler-beat interpretatior of this type of periodic fading is

'ouLmed and the expressions for the periodicity given.
The vertical velocity of the Ionospheric layer, as computed from the

D6ppler-beat consideration of the so-called 'quick' periodicity, was found
to be. of the order of 35 metres/sec. during the evening or early night

With regard to random fading observed with signals from distant
srltlons, the analysis showed that the actual distribution curve did not
agree with the Rayleigh's formula for random scattering. Rayleigh's
formula Is applicable to one downcoming wave only. With longer distances
the existence of a number of waves following slightly different paths in the
ionosphere may partly explain the discrepancy between the observed results
and those computed from Rayleigh's formula. For more distant stations,

more than one peak in. the observed intensity distribution curve were ob-
served. This must be due to the simultaneous single and double reflections

from the E-lWyer.

I.5
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TANTRY, B. A. P., and R. S. Srivastava. Waveforms of atmospherics. Proc.

Nat. Inst. Sci. Ind. 24A, 217-225 (1958).

More than one thousand useful wavefornis of atmospherics were
recorded at Banaras during 1952-55 by the automatic atmospherics-
waveform recorder constructed in the laboratory. A classi.,fcation of
the observed waveforms has been made and interpretationar given in the

paper. Besides the known types of waveforms which wert, already
recorded by the previous investigators, the oscillographii- records shciv yi

evidence of 'stepped' pulses from the leader of one lightig dinrwhargr, ;ýf
near origin, superimposed on the wave!.orm -b t a ifei•reae ligh1btg
discharge. A few oscillograms also reveale&3 a long 'iLai, c sinthdal
oscillations of nearly constant frequený.y. A l:arg•: •4i'n r u 0?sciltograr.s

was attributed to cloud-to-cloud discharges,. ose se-vat-,- .-
discharges within the cloud are reportr4 elsewhere.

THIRUVENGADATHAN, A. Diurnal variation of 1orizomntal¶ VI; tic force
at Kodaikanal. Indian J. Met. Ge phys, 5, Ps?-V1 (1954)."

The diurnal variation of horizontal ftrce -.%t Kxalkanal on, each of -tde

international quiet days during the summer twos of t.e " 1S°4•-
1951 is subjected to harmonic analysis:. •The h.n.rmic, ic ti:i• o• {he
same period are plotted on a harmonhi dial. fn Ie i:i.4 tt a strictly

persistent periodicity, affected only bF: random ,,ri-ore, the prqL&able
error figure will be a circle. For thei 24-ohtct Y azh•t probable terror
figure is found to be an ellipse having the r.tiso t:e !:,e axe", -. S;. The
direction of the major axis inucates ttht the ami.- 6'e" m~Ih tIork
than the phase. An attempt is made 0 iimi ol', whethev i•u-e ia.rge variation.
in amplitude can be accounted for by :e r '.S -
disturbance, variation of sunspot nurr-17;-,-,-"ber accounts
only to a small extent for this large ! ýzirtln vi 11'e anp-tl.tudv.. %I.2
variability is mostly fortuitous. It is ýL 2icd '-• -is - he
first harmonic coefficient decreases. the ,rý e iag decrease in the
second harmonic coefficient is ".ess a.id tlhe 6f o con'pane t ma", e•'•'x
be larger than the first when the iatt',r i.s '--, .

Best Avaitable Copy
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THOMAS, J. A., and A. C. Svenson. Lunar tide in sporadic E at Brisbane..
Austral. J. Phys. 8, 554-556 (1955).

Accurate measurements have been made at Brisbane of the virtual
height of reflection of radio echoes from the E region of the ionosphere,
using a pulse transmitter operating at 2.28 Mc/s. The recordings were

made by using a cathode-ray tube displaying echoes received from virtual

heights b~etween 80 and 150 kin; black-out modulation of the cathode-ray
410e.~ tr+zaz, was emplqyec so that Pýrr'trs appcared as gaps in ~etrace.

T,, z0;d the~ hbroad ý.U! !'A6 gap -zW. ,S Ig-'th,

emn autxxtatic gailt. cxmtrol was uanV., wbicb kept U10e peak oiutput. within
-the tinse inietiai vreoxin 0V 8O1i f ýt .p~d level.' i'h. gap

kwjdh ther, retnx~al ady xtubwi L_ýan reww,*~e

Seg~ Aho' no z~eeon y(jr, suig~nt stmeý.vth. A st%.bla iv~~
m''illalmr %V~& upmt )to Weiuc,-16ýt-akLA 10k iMi IntiNIPia -xerYQ

e in~n on the cnthtodeý-xr.y d10.ay. -I sU~.i dtt a-ii -

amnplitude, '-,Y i. trigprwj wave sylchro~i zd wtti he tbo n~~1~r ia&-

tion p~ulse; there we.s it vcottit~at -0 1' ol- kX M.

Vq rt-t'r- iw tr- ~ t~ in t of Mcdicn4 a'*d Gipps's

~iw~. e~-~L ~ 'z~; ~ rA&Vge v3rmiý,trq. Je~rtic~d move-

No TA'la" a -- t~ ie, !tecr occuxrrence, --)
~ ~tiY,. t~ ~;x turblilenif mediumi o

IaotlsuAl for' Fz '::i.ýi.i mw t is regarded. as the

A methfrd ct i&'t' e~na ~
:,rieflky en-
A

A.rik 1i is; rna~le of lirght~-VT.ne 4tkc .n; ~th'- rusg:~:., as

~ '..us~4r'~x~ j.*~~ ~ c-~ r - edto forrri~sc
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Good correlation is found between velocities of Es movement as
determined by fading analysis (Mitra 1949) and direction..finding tech-
niques. Speeds of movement are grouped about 70 m/sec, and the winds
are predominantly towards the north.

THOMAS, J. A., and E. K. Smith. A survey of the present knowledge of
sporadie-E ionization. J. Atmos. Terrest. Phys. 13, 295-314
(1959).

In the following sections we discuss briefly the various techniques
available and what information can be gained from their use. This is
followed by the classification of E. into various zones and types, and
the ne'ct section contains the main bulk of the known information in tabular
form. The final section deals briefly with some general theoretical
considerations and makes some tentative recommendations. A bibli-
ography is included.
A

THOMAS, J. A., and R. W. E. McNicol. A highly directional rotating arrat
for the observation of field-alilned irregularities. Scientific Rept.
1, Contract AF (500)9, AD-252 605; AFCRL TN 60-119. University
of Queensland, Australia (Sept. 1960).

The need for a highly directive rotating array is briefly discuseed
and the fýkctors determining the over-all array design are brought forward.

WIthin the limits imposed by economy, various types of array are analyzed,
the choice finally residing in 4 Yagi aerials at a spacing of 1. 1 wave-

aleths. Suitable methods have been devised for feeding each Yagi with
the appropriite current determined accordirg to a Dolph-Tchebyscheff
analysts. Using a T-R switch, the effective total beam width at 16 mc
is 8 degrees. Aerial test patterns, and records of ech"s from field-
aligned lonisston are given.

DOCi

THOMAS, J. A. Trans-equatorial backscatter observations of mapetically
cotrolled icoitatson. Nature 191. 792 (1961).

Comparison of tbh rag-azimuth records obhined with a rot•aing
backscatter equlpment at Brisbane opersting on a freumec of 16 Mo/s
with the paralll of mapetio latitude 20N shows tat the echoes
generally lie close to this lin. Echo ranges vary from 6000 to 12000 km.

PA
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THOMAS, J. A., and R. W. E McNicol. Instrumentation for the observation
of field-aligned F region ireguarities and tasqtriia radio
propagation. Scientific Rept. 5, Contract AF 64(500)9, Queensland
University, Australia (Feb. 1962). AD-286 377; AFCRL 62-305.

A brief description is given of the general facilities available at the
Field Station and this is followed by a more detailed analysis of certain
specialised equipment developed during the present Contract. The main
units discussed are: (1) a 16 Mc/s rotatable back-scatter sounder; (2) a
55 Mo/s rotatable back-scatter sounder; and (3) a 15-30 Mo/s rotatable
back-scatter sounder. information is also given regarding the methods
used to obtain amplitude, polarisation, phase-path, and angle-of-arrival
measurements of back-scatter echoes, and of scintillation data from
satellite radio signals.
DDC

THOMAS, J. A. Observations of trans-equatorial propagation from Brisbane.
Scientific Rept. 6, Contract AF 64(500)9, Queensland University,
Australha (March 1962). AD-294 603; AFCRL 62-343.

Observations of trans-equatorial back-scatter propagation have been
analyzed with particular reference to anomalous propagation. Seasonal,
diurnal and directional variations are extracted and compared with the
behavior of sihpals propagated via normal modes. Signal sti-ngth, fading
and phase path measurements have been made at 16 mo/s and preliminary
experiments carried out at 55 mc/s and over the range 15-30 moo/s using
a back-scatter lonosonde.
DDC

THOMAS, J. A. Croos- and auto-correlation effects associated with anomalous
transequatorial propa"a!on at 16 Mo a. Scientific Apt. 7 Queensland
University, Australia (March 1962). Contract AF 64(500)9, AD-294 604;
AFCRL 62-344.

Correlation analyses of certain aspects of anomalous ransequmoa-
backacatter sc•eos have been carried out. These features ar the starting
time, duration and staength of the eho. No significant correlation exists
between any of the above features and solar or magnstio disturbanoe effects.
Echoes which commence early in the afternoon tead to be strooger and to
las far longer than those which commence later. Days in which the €c•hoos
have similar duration or starting time or strengt tend to be grouped to-
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THOMAS, J. A. Transequatorial propagation analysis: Ionospheric height
and frequency plots. Scientific Rept. 8, Contract AF 64(500)9,
Queensland University, Australia (March 1962). AD-294 605;
AFCRL 62-345.

A method of obtaining ionospheric data representative of regions where
no ionosondes exist is described, and base height and critical frequency
plots for the F sub 2 region are determined for a variety of great circle
paths through Brisbane. The existen-e of ionospheric tilts capable of
giving anomalous propagation of HF waves is demonstrated and several
"factors controlling the propagation conditions are discussed.
DDC

THOMAS, J. A. Lunar control of abnormal transequatorial propagation at
1.6 Mc/s. Scientific Rept. 9, Contract AF 64(500)9, Queensland
University, Australia (March 1962). AD-294 606; AFCRL 62-346.

Lunar tidal analyses of the starting time, intensity and duration of
anomalous transequatorial back-scatter echoes were carried out. Semi-
diurnal lunar variations in starting time and duration are found, and an
hypothesis is proposed to explain the observed phase of these variations.
DDC

THOMAS, ,. A., and B. A. McInnes, Transequatorial propagation analysis:
Ray tracing and mode anlysis. Scientific Rapt. 10, Contract
AF 64(500)9, Queensland University, Australia (March 1962).
AD-294 607.

Two methods of ray-tracing are used for the analysis of transequatorial
propagation. A graphical method proved too inaccurate and was replaced
by a computational method, suitably modified to take accomt of tilted
ionospherto regions. It is found that paths involving low ray elevation

angles are more likely to provide the long-range anomalous echoes detected,
and the chief mechanism Is that of reflection from ionospheric tilts
particularly prevalent in equatorial regions during the earl, evening hours.
Mind-mode pwrption of baok-soattered signals must be fully consietred
In any attempt to acount for the intensity of echoes reweived. Horizon-
focussing efbcts must be considered in deriving the fteld strength of radio
signals at great distances.
DDC
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THOMAS, J. A., B. A. Mclnnes, and J. Crouchley. Exospheric propagation
experiments. Scientific Rept. 11, Contract AF 64(500)9, Queensland
University, Australia (March 1962). AD-294 608; AFCRL 62-348.

Experiments were carried out at 16 and 55 mc to search for possible
exospheric propagation of back-scatter signals. A negative result was
obtained over 6 weeks of continuous recording. The parameters of the
system are examined and it is shown that if Gallet and Utlaut did, in fact,
observe this type of propagation, then it should also have been observed at
Brisbane.
DDC

THOMAS, J. A., E. W. Dearden, E. M. Matthew, R. W. E. McNicol,
B. A. Mchnnes, D. G. Singleton, G. L. Goodwin, G. J. E. Lynch,
and J. Crouchley. Final report on observations of field-aligned irreg-
ularities and transequatorial propagation. Scientific Rept. 16,
Contract AF 64(500)9, Queensland University, Australia (March 1962).
AFCRL-62-353.

This final report summarizes the work carried out at Brisbane in
connection with investigations of field-aligned irregularities in the ionosphere
and transequatorial propagation of radio waves. Information is given
regarding the extent of such irregularity patches, their movements, and
the correlations of the observed radar echoes from these irregularities
with other ionospheric and geophysical phenomena. An association is
proposed between large E-W elongated bands of the irregularities, Van
Allen outer belt radiation counts, and an F-region anomaly already
associated with the observation of red airglow arcs. The scintillation
of radio transmissions passing through the irregularities of directions
close to the field direction is probably the most sensitive means of detec-
tion of such irregularities. Anomalous transequatorial propagation of
H. F. signals is associated with tilted reflection of very low angle radia-
tion and occurs near the time of passage of the evening equatorial rise in
F region heights. At midlatitude stations, an intervening normal IF hop
before the anomalous propagation hop may well exert a controlling in-
fluence on the ase of this type of propagation. "Horizon focusing" effects
must be considered in computations Involving long distance H. F. propg-
tion field strengths. In analyses of long-distance back-scatter data the
importance of mixed-mode propagation should be stressed; i.e., the
possibility of waves traveling outward by one path and returning to the
receiver via a different path having a different time delay.
STAR
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THOMAS, J. A. Lunar semi-diurnal tides in h'F and their influence on trans-

equatorial radio propagation. Radio Science (NES) 68D, 419-427
(April 1964). •__

The apparent partial dependence of anomalous transequatorial propaga-
tion on the phase of the moon has led to detailed investigation of the luni-
solar tides in h'F for 19 stations having magnetic dip values between 4651
and -57o.

An attempt has been made to determine whether the computed tides
were significant by means of power spectrum analysis. Significant large
amplitude semi-diurnal tides were found only for regions near the magnetic
equator at local solar times between 1900 and 2300 hours.

A propagation analysis has further shown that appreciable mode
pattern changes with the changing phase of the moou are not to be
expected for 16 Mc/s transequatorial propagation from Brisbane.
A

TITHERIDGE, J. E. The calculation of real and virtual heights of reflection
in the ionosphere. J. Atmos. Terrest. Phys. 17, 96-109 (1959).

A rapid and accurate manual method is described by means of which

the heights h corresponding to a given series of electron densities N can

be calculated from an ionogram which shows the ht(f) curve for the ordinary
or extraordinary wave. The method makes allowance, for the presence of

the earth's magnetic field. The virtial height it read only once at about
twenty frequencies, and the calculation of a complete N(h) curve requires

leos than 15 min. A slightly modified method is described for use when very

accurate results are required, as, for example, in a study of the fine
structure of the E-layer.

The method makes use of a series of coefficients which may be quickly

calculated once =d for all, for a given place, with the aid of a desk calcula-

ting machine. The law assumed for the shape of the segments used In the
analysis eliminates the necessity for the calculation and subsequent integra-
tion of the group refractive index in deriving these coefficients. The

coefficients for the extraordinary wave are readily obWanod by applying a

correction to the "longitudinal" expression for the group refractive index.
It is shown how the same coefficients can be used in the inverse process

of deriving an h'(I) curve from a known N(h) curve.
A
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TITHERIDGE, J. E. The use of the extraordinary ray in the analysis of
ionospberic records. J. Atmos. Terrest. Phys. 17, 110-125
(1959).

When the ordinary ray trace on an h'(f) record is used to compute an
electron density profile (N(h) curve) assumptions have to be made about (a)
the form which the h'Q) curve would have taken at frequencies less than
those actually employed, and (b) whether or not there is appreciable
ionization in the "valley" between the E- and F-layers. In this paper it
is shown how, by considering both the ordinary and extraordinary ray
traces on the h'(f) record, it is possible to avoid both these assumptions
to a considerable extent, and to deduce something about the electron
distribution in the lower ionosphere and in any valley.

The method is applied to some experimental records, - and it is shown
(a) that neglect of the low-lying ionizrtion leads, to an overestimate of the
height of the night-time F-region ionization of about 20 km where the plasma

*frequency is 2 Mc/s, and up to 15 km near the peak of the layer, and (b)
that the "valley" between the E- and F-layers is small and nearly "full".
A

TITHERIDGE, J. E. Ionization below the night-time F-layer. J. Atmoes.
Terrest. Phys. 17, 126-133 (1959).

By making use o. both the ordinary and extraordinary ray traces on
h'(i) records it is possible to estimate the amount and distribution of low-
lying ionization, having plasma frequencies less than the lowest frequency
recorded. By applying this method to h'(f) curves obtained at night, it is
possible to estimate the electron content-of the E-region, even when its
critical frequency Is less thtui the lowest recorded frequency. Results are.
given for Slough and Watheroo, for both summer and winter - onditions,. and
for maximum r"id minimum sunspot numbers. Near midnight the amount
of ionization below the F-region Is equivalent to a constant density of about
4000 electrons/cm3 extending down to a height of 130 kmi. The variatlt'n
In the amount of this ionization near sunset gives a constant effective re-
combina~ion coefficient of 2 x 10-8 cm3 /sec. F-layer heights calculated
from -the ordinary ray trace only are found to be too great by about 30 km
at fN 1Mc/9 and 5km at fN=6 Mc/s.
A

TiTERIDGE, J. The anaWly-t of night-time h'(i) records. J. Atmos. Terrest.
Phy~s. 20, 209-212 (1961).

Th. real heights of -the Io~nospheric layers' are normally determined by
anaryaisng the ordirary ray trace of sweep-frequency virtual height records.
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These h(f) records nl"v ext••nd d(own to some limiting frequenev fmin. and
it isq usually assumied that the virtual height at lower frequencies is constant
:LUol ecmual to the value in at Imin. This assumption causes the calculaed
real heights to be greater than the true values. The error is largest at
night, when the calculated heights of the F-layer are commonly about 20 km
too high at a plasma frequency (ON) of 2 Mc/s, and 7 km high at 5 Mc/s
(Titheridge, 1959a, b).

This error can be considerably reduced if the virtual height is assumcd
to be equal to h'min from fmin down to a frequency just greater than 0.5
Me/s (sty 0. 6 Me/s) but is assumed to be equal to a value h. for frequencies
from 0 to 0.5 Mc/s so that the form of the complete ordinary ray h'(f) curve
to be analysed is as shown in Fig. 1. The height hs is chosen in such a
way that hmin - hs is proportional to the amount of low-lying ionization
and the analysis of the complete h'(f) curve illustrated in Fig. 1 will provide
an N(h) profile which is a good approximation to the profile which would
have been deduced if the h'() curve had been obnerved down to zero frequency.
This paper describes how the starting height ha may be determined.

The amount of this underlying ionization is approximately proportional
to h' - h'hin, where h' is the observed virtual height of the extraordinary
ray, of frequency fx, which is reflected at the same true height as the
ordinary ray of frequency fmin (Titheridge, 1959a, Section 2). Since the
amount of underlying ionization in the calculated real height curve is
proportional to the assumed value of hmin - hs, we require that hmiin -
hs -- K(h'x - brmin). The value of K depends on the value of fmin and on
the strength and direction of the magnetic field. It can be determined
empirically, for any desired conditions, by calculating the value of hW
resulting from a real height curve with known values of hmin and hs. Thus
for conditions in S, E. England we get hmin - hs = 4.6 (hx - hmin) when

fmiln is 1.4 times the gyrofrequency fH.
Some typical results are showa in Fig. 2. The dotted lines give the

heights calculated by the norma! methods in which Wis assunitd to be
constant and equal to hmin at frequencies below "min. The solid lines
give the result of starting the calculations at 0.5 Mc/s with the starting
height hs =. h"in - 4.A (h' - hmin). The calculated heights then agree
exactly with the measured virtual heights of the ordinary ray, and also
avree with the virtual height of the extraordinary ray at the frequency

2fH. The broken line curves are taken from Titheridge (1959a) and
were calculated to agree with the virtual heights of both the ordinary and
extraordinary rays, at all frequencies, to within the experimental error
of about 1 km. The solid line curves are seen to agree quite well with
these more accurate results at frequencies above fmin (1.5 MW/o).

This agreement is maintained at all seasons and sunspot numbers.
120 night-tiUe h(f) records taken at Slough were analysed by each of the
three methods used in Fig. 2. The normal analysis neglecting the effect
of the underlying Ionization differed from the results of the full analysis
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i)y a mewi amount of 21 kin t fN 2 Mc s. This was reduced to 3. 7 km
by beginning the analyses from a starting hight h. calculated as described
above. In 230 Watheroo records which were a-nalysed, a mean difference
of 17 km was reduced to 4 kmi. The simple procediire suggested will thus
reduce the errors, caused by the presence of ionization beneath the night-
time F-layer, by about 5 times at freq;-.:n( es above I Mc/s.

The difference between the solid and dotted curves in Fig. 2 givce
the correction to the results of the normal ordinary ray analysis. The
magnitude of the correction at any frequency is proportional to the value
of h'x - h/in. The values given in Table I can thorr-ore be used to determine
the size of this correction under any required conditions, and for any value
of the magneetic dip angle I.

The frequency f0 at which the virtual height of the ordinary ray is
measured need not be the same as the lowest observed frequency fmin
Calculations with other values of f0 and fx [such that f0

2 = ix(ix - fH)j
show that, for a given value of h'x(fx) - ho(f 0), the corrections are
approximately proportional to (ix - fH) 2 . For f0 = 1 4fH, the initial
correction is equal to (5.48 - sin 1) within 1 percent (Table 1). So it is
found that the starting correction required at 0.5 Mc/s is given generally by

hnin - hs C0.74 (5.48 - sin I)(f - fH) 2 [hx(fx) - h0(f 0 )].

If the real height calculations are started from 1 Mc/s (instead of
0.5 Mc/s) the starting correction required at this frequency is:

hmin - hs 0.36 (5.48 - sin I) (fx - fH) 2 [hx (fx) - h/0(f 0)1.

These relations are accurate to within a few percent for all practical
values of fH, and for values of fx less than 3 Mc/s. Larger values of fx
cannot be used in practice, since the values of h/(fx) - h•)(f0) become too
small to measure accurately. In the routine analysis of ionospheric records
the value of hx is measured at the lowest frequency fx at which the extra-
ordinary ray trace is visible. The corresponding value of h'o is then. found
by interpolating in the measured ordinary ray heights, and the inititl real
height hg is calculated from the above relations.

When the extraordinary ray trace cannot be distinguished at frequencies
below about 3 Me/s, an estimated value of hs should be used. This is
obtained from other records taken at the same hour on different days. Its
use gives reasonably accurate results since It is found that the values of hmin
are largest when the amount of underlying ionization is greatest, so that Uie
values of he do not vary greatly from day to du,.

Thanks arc due to the Director of the Cambridge University Mathematical
Laboratory for permission to use the electronic computer EDSAC II in these
calculations.
Excerpt
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~7ll1f~l:,a.I.A new method bfr tht, analksis o1 ionospheric hI(f) recor d-S
.1. Attmos. Terrest. Phys. 21. 1-12 (1961).

A methOd it givcn for calculating the real heights of reflection in the
tonosphere, at a number rx given frequencies, from the observed virtual
heights at those frequencies. The complete real height curve is assumed
to cotsist of a single smooth curve through the calculated points. This
gives more aceurate results than the lamination methods gencrally used,
in which the real height curve is approximated to by a number of linear seg-
ments. So for routine calculations the present method requires less than
half as many points as the lamination methods.
A

T!TIIERIDGE, J. E. The effect of collisions on the propagation of radio waves
in the ionosphere. J. Atmos. Terrest. Phys. 22, 200-217 (1961).

Curves are given showing the effect of the electron collision frequency
v on the group refractive index, for both the ordinary and extraordinary
rays, under a wide variety of conditions. It is shown that collisions do not
significantly affect the virtual height of radio waves reflected in the E- and
F-layers of the ionosphere. It is also shown that the absorption of a radio
wave reflected in the ionosphere can be obtained by integrating an absorption
coefficient k 0 , equal to v times the value of k/v at v - 0, up to the classical
height of reflection. This simple procedure yields the same result as a
full-wave calculation of the absorption.
A

TIURI, M. E., and J. D. Kraus. Ionospheric disturbances associated with
Echo 1 as studted with 19-megacycle-per-second radar. J. Geophys.
Res. 6(8, 5371-5385 (1963).

Description of observations at 19 Me made between Nov. 1961 and
Mar. 1962 which show a correlation between anomalous pulse-radar echoes
and passes of Echu 1 (1960 Iota 1). The curreiation id eopecially note-
worthy between the starting times of the anomalous echoes and the passage
of Echo 1 through the antenna beam, most echoes starting in the interval up
to 20 min before the passage of the satellite, The effects of the time of day,
tho orbit range, the equator-crossing longitude, and the latitude of the
siatellite are also Investigated. Some possible mechanisms are discussed.
fAA
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TI)N•1INSON, .1. St. A Withod (f solving the integral equations for the vertical
propagation of tire-harmonic plane waves in anisotropic vertically
inhomogeneoum, non-magnetic media. Scientific Rept 100, Contract
A F 1 •(604)-1" •4, Ionosphere Research Laboratory, Pennsylvania
State University, University Park, Pa. (1 Feb. 1958).

A pair of coupled scalar integral equations are obtained for the horizontal
components of the electric field of a time-harmonic plane wave which is
propagating vertically in an ansotropic, vertically-inhomogeneous, non-
magnetic stratum. A similar pair of coupled integral equations are obtained
for the Forsterling-Rydbeck components of the same plane wave. Fur the
practical cases (e.g., the ionospheric lower E layer F.-R, coupling and
reflection regions) in which the stratum is bounded by strata where the
F. -R. wave equations are practically uncoupled and W.K.B., the space
derivatives are ellaiinated from the boundary condition terms in the integral
equations. The integrals are approximated by Simpson's rule to obtain a
system of algebraic equations for the values of the components at evenly-
spaced points in the stratum. Matrix manipulation almost completely
diagonalizes this system, leaving, at the most, only three nonzero sub-
diagonals on each side of the main diagonal. For the case of negligible
coupling (e.g,, the lower E-layer F.-R. reflection region) the system of
equations separates into two systems each having a matrix with one sub-
diagonal of -l's on each side of the main diagonal, and zero's elsewhere.
The final triangularization of this matrix is accomplished with a repetitive-
loop digital computer program having only 30 instructions and using only 5
additional words of computer storage, regardless of the matrix size.
Computer triangularization of the 5 x 5, 9 x 9, 17 x 17, and 33 x 33 matrices
for an F. -R. reflection region problem which has an exactly-known wave
solution yie!d reflection coefficients which converge t,' within 0.5% of the
correct amplitude and 2° of the correct phase.
MGA

TOSHNIVAL, G. R., and B. D. Pant. Ionlsation of KennellX-Heavlside layer
at Allahabad. Proc. Natl. Acad. Scl. India 5, 9-14 (1935).

Using the well-known pulse technique the lonisation of the E-region
was found In the month of April. The morning and evening values, which
are considered very reliable, show values for the critical frequency of
3.1 Me./sec. and 4.6 Mc. /sec, the latter being a maximum value observed
at 7.22 p.m. on the 18th April. In an added note it is suggested that the
use of highe. power in the determination of the F2 critical frequency would
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enable a dIiscrinirati,,n to, be made betweei, th, high-t.mperature theory of
\pph'ctn and the absorption hypotfhesis of Kirby and others.
I'A

rOStlNIVAL, G. It., B. D. Pant, R. fR. Bajpai, and B. K. Verma. Study of
ionosphere at Allahabad. Proc. Nat. Acad. Sci. India 6, 162-174
(1936).

Observations for November and December 1035, show that 75 meter
waves are usually reflected from the F-region. Sporadic E reflections
have, however, been observed on several nights. The noon ionization of
the E regio-a has been measured during the winter solistice period and found
to he about 2 x 105 electrons per c.c. Both the group retardation as well
as the stratification splitting has been observed, the former rather rarely.
Long retardation echoes show the possibility of existence of ionized regions
above the F-region. Complex echoes consisting of several peaks rapidly
fading in and out have been seen several times. There seeris to be no
connection between the magnetic disturbances and the complex echoes.
Observations for the reflection coefficient have been taken for the two rays,
and values of reflection coefficient greater than unity have been observed.
The results find a satisfactory explanation on the hypothesis of undulatory
structure of the ionosphere together with the possibility of echo reception
from direction other than vertical. Measurement of reflection coefficient
late in the night shows that both the rays are absorbed in the reflecting
region, a view contrary to those held by the English workers. The
desirability of taking more observations in collaboration by several sta-
tions is 1)ointed out.

TOSHNIVAL, G. R., Pant, B. D., and Bajpai, R. R., Radio studies of the
upper atmosphere at Allahabad. Proc. NatI. Inst. Sdi. India 3,
337-354 (1937).

The necessity of a thorough study of ionized regions of the upper
atmosphere for a complete understanding of the problem of propagatiori of
radio waves Is now well recognized all over the world. Important investiga-
tions have been carried out in higher latitudes, and a considerable amount
of data has been collected. The condition of the Ionosphere is expected to
be rather different in equatorial and tropical regions, andhence for the
thorough understanding of the problem it is essential to collect data for these
regions too. Realizinv this, work has been started in India at Calcutta and
at Allahabad. A conriderable amount of data has now been collected at
Allahabad, which Is briefly presented here.
Excerpt
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TOSHNIVAL, G. R., and B. D. Pant. Ionospheric height measurement in the
United Provinces of Agra and Oudh (India). Nature 133, 947-948 (1944).

State measurements have been made at Allahabad. Describe few
results.
M

TSCHU, K. K. On the practical determination of lun,'r and luni-solar daily
variations in certain geophysical data. Austral. J. Sci. Res. 2,
1-24 (1949).

This is a continuation of two earlier papers, in which Chapman and
Miller (9, cf. Miller 13) developed the mathematical theory of a convenient
method for the determination of the lunar daily variations in geomagnetic and
meteorological elements, and for estimating the probable error of any
determination thus made. Important practical details of the work are given
in the present paper, with examples of the calculations on suitable computing
forms. It also includes a new application of the Chapman-Miller Method
to the determination of a luni-solar periodic comtponent first predicted and
investigated in ionospheric data by Martyn (7).
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UMLAUFT, G. Focusing of electromagnetic waves by Es-clouds. J. Atmos.
Terrest. Phys. 18, 253-255 (1960).

Histograms of Io-values with and without influence of E. obtained at
Lindau and Tsumeb are shown. The observation does not lend itseli to an
explanation by means of focusing effects, the objection being that such
abnormally high values are never observed in the absence of E. echoes,
which is the much commoner condition in this case. Two possible explana-
tions of the phenomena are presented. First, it is shown that these obser-
vations can be explained by a focusing effect of the Es clouds. Secondly,
the phenomena is explained by assuming that E layer sometimes consists
of clouds with dimensions of the order of kilometres.
MGA

URSI. Special report no. 2 on tidal phenomena in the ionosphere. General
Secretariat of URSI, Brussels (approved for publication 1950).

In beginning this report for the International Union of Scientific Radio
it is appropriate to state briefly why the subject is important both to science
and to radio. It is increasingly clear that if we wish to understand the
pecular behaviour of the principal ionospheric region, the F2 region, we
must know how winds affect it. The regular rhythmic winds associated
with air tides, especially We iunar tide, caube perturbations which car
be detected in iuaiosphetric data. The results 6f such studies are important
in scientific problems such as terrAstrial magnetic variations, and the
world-wide oscillations of the atmosphere. The extension of these studies
to the stronger winds probably ass..tiated with solar heating seems at the
moment the best approach to better understanding and prediction of the
complicated behaviour of the F2 region, a necessity for further improvement
in short-wave radio communications.

Until about fifteen years ago it seemed adequate to regard the ionosphere
as located in the tranquil cold region which was supposed to constitute the
outer atmosphere. In still air, far above winds and storms, were formed
the ionised regions important to radio communications. These regions
were produced in the day-time by impact of solar ultra-violet radiation
on air molecules or atoms, and they decayed during the hours of darkness.
Each electron or ion so produced wab bmppuwd to doW It entir, lilfe
time near its birth place, its wandering curbed by collisionb with neigh-
bouring molecules.
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This comparatively static picture gave an adequate account of the
regions E and F1 at heights of about 100 and 200 km respectively: the
theor," of ionised region formation developed by Chapman was reconciled
by Appleton with the observed daily variations of electron densities and
height distribution. As data xegarding the F2 region accumulated it
became clear that for one region, and this the most important for radio
commumcationu, Chapman's theory was inadequate. The theory predicts
maximum ionisation in mid-summer: the evidence is a general tendency
for greatest F2 ionisation in mid-winter. In other ways too, in -its daily
variations and latitude distribution, the F2 region appears anomalous.
It appears to havc a symmetry about a terrestrial magnetic equator, a
feature which finds no readyexplanation.

Simple qualitative explanations of some of these F2 region auomalies
were advanced by liulburt and Appleton independently. They suggested
that solar heating expanded the atmosphere at its uppermost levels, so
reducing the density of ionisation in the F2 region. Unfortunately this
attractive idea has not stood up to quantitative examination, although it
has been a useful stimulus to subsequent investigation. About this time
Martyn and Pulley put forward evidence that the F2 region was very, hot,
temperatures of the order 1000° C being found at all times. This sug-
gests th at the temperature of the upper ionosphere is controlled by solar
radiation directly, the prevailing temperature being that at which the
heating due to absorption of solar ultra-violet rays is balanced by the
cooling due to infra-red radiation from air molecules. (This condition
is quite different from that in the cold stratosphere, where the tempera-
ture appears to be mainly controlled by infra-red radiation from the
earth). So we may expect that in the F2 region there will be quite appre-
ciable heating and cooling in the course of the day, as the sun rises and
sets. This world-wide heating and cooling must give rise to wind systems.
A little consideration of the geometry of such air circulations shows that
the horizontal air velocities must be much larger than the vertical ones.
In fact, the ratio u/w of these velocities must be comparable with a/h
where a is the radius of the earth and h the thlckneus of th,' heated atmo-
spheric region. This would give horizontal winds about 100 times
stronger than the vertical ones in the F2 region.

At first sight this conclusion might appear to have little bearing on
the anomalous vertical expansions of the F2 region. There is however
a factor governing the motions of electrons (and ions) which becomes of
vital importance at the low pressures existing in the F2 regiou. It is
the earth's magnetic field. At pressures of about 10-5 mm of mercury,
elementary charged particles are constrained to orbits which are spirals
around the lines of the earth's field. An applied force, such as is pro-
vided by the repeated impact of the uncharged air molecules in a wind,
has negligible effect in moving electrons across the lines of magnetic
force, but can push them froely along those lines. Since in most parts
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of the world the magnetic field is inclined, it follows that a strong hori-
zontal wind can produce much vertical movement of electrons (and associ-
ated ions). So we reach the remarkable conclusion that n small uneven
heating of the atmospher:, producing small vertical atmospheric expan-
sions, can yet produce large vertical movements of an ionised layer at
the height of the F2 region. Moreover if, as is likely, these horizontal
winds vary with height, then the vertical movements of the F2 region will
be accompanied by changes of electron density (*).

Up to this point we have considered heating and cooling as occurring
only in the F2 region itself. While it is possible that a circulation of the
kind described might be confined to these upper levels, there is a strong
tendency for the atmosphere to oscillate as a whole. In fact there is strong
reason to believe that an even more important cause of world-wide oscil-
lations is the comparatively small daily change of air temperature at the
earth's surface. Although the temperature changes are small, the energy
changes are large because of the comparative denseness of the air at these
low levels. It is certain that the energy here involved is adequate to caase
the world-wide oscillations in the lower atmosphere. There is no need to
invoke an ionospheric tail to wag the tropospheric dog. We shall see
later that in general the whole atmosphere tends to act like a waveguide
or cavity resonator for world-wide oscillations; there is a tendency for
the horizontal energy flow to be the same at all heights. This means
that u2 x air density tends to be independent of height, so that u tends
(**) to increase exponentially with height. So the observed movements
at F2 levels might even be adequately accounted for as a manifestation
of the world-wide oscillation arising from the small low-level temperature
variations. It is not yet possible to assess how much of the F2 wind
systems is due to this latter cause, and how much is of local origin.

When we start to search directly for evidence of solar tidal movements
in ionospheric data, a difficulty appears immediately. We seek oscillations
whose periods (24, 12, 8 hours, etc. ) coincide exactly with those already
necessarily present in the data from the simplest considerations of electron
production. The electron density and the height of the maximum density

(*) It will be seen later that this account of F2 region disturbances is
somewhat over-simplified.

(**) This general trend may be departed frum locally in the vicinity of
nodes, as explained later In this section. Also in some modes,
barriers to the vertical flow of onergy exist at certain levels: how-
ever, such barriers are only partially effective, their thickness
being small complred with the wavelength of the oscillation.
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of a simple ionised region are closely related to the sun's elevation at the
time of observation. [fence there must, from this cause alone, be strong
periodicities in the data, of 24, 12, 8 hours, etc. It is impossible in
these circumstances to disentangle the "tidal" components from t e "ion
production" components, without more detailed knowledge of the processes
involved in at least one of these.

A way out of this serious impasse is provided by the tidal action of
the moon on the earth's atmosphere. But before discussing this a brief
digression on the meaning of the word "tide" is desirable. Commonly it
is applied to the oscillatory motion of the oceans produced by the gravita-
tional pulls of the moon and sun. The motion of the water is mainly hori-
zontal, and is substantially the same at the surface as at the ocean bottom.
By a natural process of analogy the word has been similarly applied to
those rbythmic movements of the earth's atmoaphere which reveal them-
selves in the well known solar and lunar oscillations of the barometer.
It has been shown by Chapman however that in the production of the solar
barometric oscillation thermal forces are comparable with the gravitational.
In spite of this, it is still customary to call this oscillation a "tide". A
further complication arises because air, unlike water, is easily compressi-
ble. It is unnecessary fc.- air to pile up vertically, as does a converging
flow of water: air may be compressed instead. This results in more
complex flow patterns, and so it is possible for tidal flow in the at-
mosphere to have different velocities, and even opposite directions,
at different heights. We may even have "high tide" recorded by a ba-
rometer at the ground while a barometer in the upper could simulta-
neously register "low". (The barometer simply weighs the air above
it). In spite of these complications and differences from simpler oceanic
tides, it is still customary to apply the word "tide" to rhythmic oscillations
of the atmosphere, however produced, and whatever their form, so long
as they are world-wide in character and have periods which are identical
with, or harmonics of, the solar or lunar day. To this practice we

shall adhere.
So far as we know, the moon affects our atmosphere dynamically

only by its gravitational pull, so the lunar forces at work on the air
are known with precision. If we knew better the vertical temperature
distribution, particularly above the 80 km level, it would even be possible
to calculate the air motions in the ionosphere with some accuracy. But
the great advantage of studying lunar tidal variations in the ionosphere lies
"in their (mean) periods, which are 24 h 51 m and its simple sub-multiples,
especially the strong semi-diurnal variation of period 12 h 25.5 m.
These are sufficiently different from the corresponding solar periods to
permit the isolation of purely lunar tidal variations f' m ionospheric data
recorded at hourly i *orvals for several years. Sutý,. data exist for many
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parts of the world, and as they accumulate, more and more precise deter-
minations of the lunar variations become possible. Interpretation of
these helps us to understand how relatively feeble winds affect the iono-
sphere- This in turn should help us to isoI-Ae the effects of the stronger
winds due to the sun, and so to achieve a ful!er understanding of the
vagaries of the F2 region.
Excerpt

UTLAUT, W. F. Ionospheric eifects due to nuclear explosions. NBS Rept.
6050, National Bureau of Standards, Boulder, Colo. (30 April 1959).

Vertical-incidence ionograms of every 15 min routine observations
with a type C-2 ionosonde at the U. S. Nat. Bur. of Standard's Field
Station at Maui, Hawaii located approximately 1450 km NE of Johnston's
Island are presented. The discussion deals with the extreme disturbances
on Aug. I and again Aug. 12 coinciding with the high altitude nuclear
explosions over Johnston Island. Complete radio fadeouts at several
South Pacific circuits, abnormal magnetic perturbations, and a rare
tropical aurora (observed at Apit) are reported to be effects of the blasts.
AN
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VAN SABBEN, D. Ionospheric current systems caused by non-periodic winds.
J. Atmos. Terrest. Phys. 24, 959-974 (1962).

Investigation of the possibility that zonal and meridional winds, inde-
pendent of longitude, will produce ionospheric current systems. To treat
the problem mathematically, a model ionosphere is used, divided into an
equatorial region vith horizontal magnetic field and northerly and souther-
ly regions with vertical magnetic field. The ionization is schematically
assumed to be zero at the night side and constant at the sunlit side of
Earth. It appc. s that certain zonal or meridional wind distributions, if
existent, would be almost as effective as the periodic wind systems in pro-
ducing a current vortex. Observed ionospheric winds of nonperiodic
character are strong enough to warrant the conclusion that they will affect
the current system of the daily variation appreciably.
IAA

VAN ZANDT, T. E., R. B. Norton, and G. H. Stonehocker. Photochemical
rates in the equatorial F2 region from the 1958 eclipse. J. Geophys.
Res. 65, 2003-2009 (1960).

The F2 -region electron-density data from the eclipse on October 12,
1958, at Danger Islands has been analyzed with a new method. It is shown
that (1) temperature changes and transport of electrons were probably
negligible during the eclipse, and (2) the rate of photolonization q(h) and
the linear recombination coefficient ('a"Ichment coefficient') 1(h) can be
approximated between 290 km and 400 i.f by

q(h) = 880 exp 1-(h-300)/-_361 electrons cm 3 sec"1

(h) - 6.8 x 10 exp j-(h-300)/1031 sec"1

where the height h is measured in kilometers. The rate of formation of
ion pairs 'etween 290 and 400 km is (.76)101 0 ion pairs/cm2 see, or about
(0.25) ergs/cm 2 see. This implies a total rate of energy absorption in
the F region of at least 2 ergs/cm2 sec.
A
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VELDKAMP, J., and J. G. Scholte. Some remarks on the equatorial electro-
jet, as revealed by the analysis of solar flare effects. Indian J. Met.
Geophys. 5, 203-212 (Dec. 1954).

Maps are reproduced of the current vectors of three strong solar flare
effects, viz. 1953 Oct. 14d 09h 50m, 1953 Oct. 14d 14h 23m and 1950 Feb.
13d 19h 23m. The well-known electrojet over South America is revealed
by large currents at the stations Hu and Va. No such large currents are
observed at Bi and MB in equatorial Africa. Baker and Martyn have ex-
tended the atmospheric dynamo theory of the diurnal variation by taking
the Hall effect into account, and have succeeded in explaining the equatorial
anomaly. As these authors assumed a coincidence of the geomagnetic and
geographic equators, this theory is unable to provide an explanation of
the different values of the anomaly at different points of the equatorial
belt. In this paper the current system is calculated for an oblique dipole
axis. Large anomalies are found at those points where the equators reach
their greatest deviation, whereas in Equatorial Africa the calculated Sq
variation is very small; in the Pacific the anomaly must be very pronounced
too. More data are needed to check this result.
MGA

VELDKAMP, J., and D. Van Sabben. On the current system of solar-flare
effects. J. Atmos. Terrest. Phys. 18, 192-202 (1960).

The electric current system responsible for the great solar flare
effeut (s.. u.) uf 23 Iaruvh 1958, is compared with the currents of the
normal daily variation of the geomagnetic field. Whereas the standard
S -currents are symmetric with respect to the geographic equator, the
pattern of the currents of the s. fie. as well as that of the currents of
the normal daily variation at the time of the a. f. e. are controlled by the
magnetic equator. The same result Is found by a re-examination of
selected s. f.e.s published in the ZATME Bulletins nos. 12f and 12h. It
Is shown that the s.f.e. currents must flow in a region where the disap-
pearance of electrons follows an attachment law. The decrease of the
s. f.e. leads to a lovs coefficient J = 5 x 10-4 seecl, which compares
with the known value for the D-layer.
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VENKATESWARLU, P., and R. Satyanarayana. Some studies on sporadic E.
J. Sci. Indus. Res. 20B, 8-10 (1961).

Results of studies of sporadic E ionization made during period Sept.
1959 to Jan. 1960 at Tilupati, India, have been -)resented; monthly mean
maximum fEs has been found to occur around ocmi; abnormally high values
of EEs observed on certain occasions have been explained as due to thun-
derstorm activity.
EI

VERMA, J. K. D., and R. Roy. Polarization of the echoes from the iono-.
sphere. Indian J. Phys. 30, 36-46 (1956).

Some experimental studies on the polarization characteristics of the
echoes from the ionospheric layers have been presented. The details of
an improved type of radio polarimeter which can work in conjunction with
a high resolution radio sonde equipment have been described. The high
resolving limit of the equipment made it possible to record the true polari-
zation patterns of the echoes due to normal reflection and those due to
irregularities in the ionized regions. A method has been indicated for
the identificat•m,' of the thin layer type of E echoes from other types on
the basis of their polarization characteristics.
A

VESTINE, E. H., L. Laporte, 1. Lmnge, C. Cooper, and W. C. Hendrix.
Description of the earth's main magnetic field and its secular change,
1905-1945. Publication 578, Carnegie Institution of Washington (1947).

The present publication is a summary, mainly in the form of maps,
of the results of land and ocean magnetic observations made since 1905.
It is a continuation of the series of volumes of "Researches of the Depart-
ment of Terrestrial Magnetism" only in the sense that the greater part
of the observational material was obtained by the Department.

The world-wide distribution of magnetic observatories, land-survey
stations (including repeat stations where magnetic observations have been
made more than once), and ocean stations is indicated on charts. Tables
are presented and their use for the removal of the influences of various
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geomagnetic fluctuations upon the values measured at the different stations
is described. The procedure for deriving from measured elements (usually
D, 11, and I) the elements X, Y, Z, and F is discussed. For about 2, 000
repeat stations and 100 observatories, graphs have been drawn of the
measured and derived elements, corrected for geomagnetic fluctuations,
as a function of time since 1905; about 100 graphs for each of seven ele-
ments are reproduced in this volume.

With the graphs as a basis, isoporic charts were prepared through the
following operations. Values of the slopes of the graphs were scaled at
the four epochs, 1912.5, 1922.5, 1932.5, and 1942.5, to give secular-
change estimates. These results were plotted on large-scale maps of
the world, and isoporic charts were prepared for H and D (and simulta-
neously for X and Y) which were adjusted to mutual consistency so that
the vertical component of curl of the field and the line-integrals of the
north and east components of intensity of secular change vanished to a
good degree of approximation. Spherical harmonic analyses of the X- and
Y-components of secular change were made with fair success by means
of automatic machines. The values of the vertical components of secular
change at each epoch were computed; the syntheses of values using co-
efficients found for the Z-component, on the assumption that no part of
the secular-change field is of external origin, proved helpful in preparing
the world isoporic charts of vertical intensity, especially in the polar
regions. They also ensured good consistency between the charts for ver-
tical intensity of secular change and those for the horizontal component.
Corresponding isoporic charts in I and F were also constructed.

The adjustments for consistency were largest over ocean areas and
in the polar regions; over land areas there resulted only slightly different
general line-configurations, which tended to improve the agreement be-
tween the charts and the actual observations. The positions of the more
outstanding singularities in the field of secular change were also derived
and indicated. T!he isoporic charts for all epochs are reproduced in this
volume.

The isoporic values obtained were next used to reduce all available
magnetic observations made in any year since 1905 to the epoch 1945.0
through adding to the measured values, usually corrected for geomagnetic
fluctuations, the increments in fields Indicated for each i0-year epoch
required. The results in D, H, and Z for 1945.0 were entered upon large-
scale sectional maps consisting of 15 partial Mercator projections, a
north polar projection, and a south polar projection. The charts for H
and D were tested for mutual consistency in a manner similar to that
employed for the corresponding isoporic charts. A spherical harmonic
synthesis was used to check the line-configurations of charts for the verti-
cal component of the field with fairly good results, assuming the Earth's
field to be entirely of internal orlgtu.
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Main-field charts in three sections each were also constructed in X,
Y, I, and F for 1945.0, and, with the charts for D, H, and Z, are included
here.

In preparation for a later volume in this series, the results of the
spherical harmonic analysis have been employed to compute Isomagnetic
charts of the main field and isoporic charts for epoch 1945.0 for various
heights within and beyond the Earth's atmosphere.
A

VESTINE, E. H., L. Laporte, I. Lange and W. E. Scott. The geomagnetic
field, its description and analysis. Publication 580, Carnegie Insti-
tution of Washington, Washington, D. C. (1947).

This book continues a descriptive study of geomagnetism begun with
Carnegie Institution of Washington Publication 578, which was principally
concerned with the description of the Earth's main magnetic field and its
secular change. The present volume extends this work to the various
known geomagnetic variations, with inclusion of some analyses.

To a considerable extent, the present book is actually a by-product of
Publication 578, since extensive information on geomagnetic variations
was required for the improving of estimates therein of geomagnetic secular
change ior the period 1905 to 1945. Because the latter required descriptive
information respecting shorter-period time-variations on a world-wide
scale and over these many years, the general scope of coverage is con-
siderable. Moreover, the emphasis has been upon the description rather
than upon the interpretation of results.

It is believed that the two volumes together comprise the first con-
venient detailed compendium of geomagnetic data especially suited to the
needs of those engineering workers who are mainly concerned with the
practical applications of geomagnetism. The wide use of illustrative
diagrams (many initially drawn as a training exercise for the draftsmen
who drew the maps of the first volume) enhances the effective description
of geomagnetic phenomena of our environment. The books emerge
therefore as a kind of picture supplement to the standard treatise p-
magetism; the writer hopes that his teacher, Professor Chapman, senior
author of that treatise, will not object to such suggestion, provided he be
not held at fault for any mistakes that we may have made.

In the course of pursuing the major descriptive objectives of this war
project, the writers could not resist the temptation to undertake some
serious investigations of the extensive new data available. Hence attempts

at explaaation of certain phenomena will be found at intervals, between
the stacks -A figures and tables, along with some short discussions linking
the present with previous work. The writers hope that in this way a more
interesting and readable account has been provided.

This volume completes a final report on work ,dne for the most part
durtng the war period 1942 to 1946 under Contract NOrd-392.
Excerpt 549
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VESTINE, E. 11. Note on direction of high auroral arcs. J. Geophys. Res.
65, 3169-3178 (1960).

Relationship between geomagnetic micropulsations and pulsations
in auroral luminosity; certain homogeneous auroral arcs noted by
Stormer at height of 200 km in central Norway have mirror point for
trapped particles computed to be below ground level in south Indian
Ocean; magnetic field gradients near night-time electrojets near northern
and southern auroral zones will change sign of drift of auroral particles.
El

VESTIN-, E. H. The upper atmosphere and geomagnetism. IN: Physics of
the Upper Atmosphere, 471-511 (Academic Press, 1960).

10.1 Solar Daily Variation, Sq ..................... 471
10.1.1 Introduction ........................ 471
10. 1.2 Geographical and Seasonal Features ...... 472
10.1.3 Day-to-Day Variability of E -Region Winds . 488
10.1.4 The Equatorial Electrojet ............. 489
10.1.5 Additional Features of Sq ............... 490

10.2 Lunar Daily Magnetic Variation ............... 490
10.2.1 General Features .................... 490
10.2.2 Harmonic Components of L ............ 490
10.2.3 Early D• rivations of L ............... 491
10.2.4 Equatorial Values of L ................ 491
10.2.5 Spherical Harmonic Analysis of the L Field.. 493
10.2.6 Location of Regions Producing Lunar

Daily Magnetic Variation ............ 494
10.2.7 Dynamo Theory of L .................. 494

10.3 Magnetic Storms .......................... 495
10. 3.1 General Features .................... 495
10. 3. 2 Average World-Wide Features .......... 496
10.3.3 Current Systems .................... 498
10. 3.4 Peculiar Magnetic Storms .............. 503
10.3.5 Solar Streams ..................... 504

10.4 Minor Magnetic Dibturbances ............... .. 506
10.4. 1 Auroral Zone Electrojets ............. 506
10. 4.2 Irregular tlagnetic Disturbances ........ 607

10.5 Magnetic Pulsations ................. . 508
10.6 Geomagnetism in Relation to Other

Geophysical Phenomena ............ 509
Excerpt
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VILLARD, 0. G., Jr., S. Stein, and K. C. Yeh. New evidence of anomalous
transequatorial ionospleric propagation. IRE (1957) Natl. Convention
Record Part 1, 19-30.

Edhoes of exceptionally long delay detected by a H. F. radar located
in the West Indies are interpreted as ground backscatter propagated by
two successive reflections from the F-region of the ionosphere, without
intermediate ground reflection. Propagation of this sor* between two
points on the earth requires an initial ionospheric tilt followed by one of
opposite sign. Tilts of the required sort take place regularly in equa-
torial regions as a consequence of two daily bulges in the ionosphere,
one occurring at approximately 1900 local time over the geomagnetic
equator, and the other occurring around noon in the vicinity of the sub-solar
point. It is shown that tilt-supported propagation can takeplace at
frequencies considerably in excess of the MOT predicted in the usual
way. It is believed that these results may explain the reports by radio
amateurs of anomalous propagation between North and South America.
A

VILLARD, 0. G., Jr. S. Stein, and K. C. Yeh. Studies of transequatorial
ionospheric propagation by scatter-sounding method. J. Geophys.
Res. 62, 399-412 (Sept. 1957).

Echoes of exceptionally long delay detected by a HF radar located
in the West Indies are interpreted as ground backscatter propagated by
two or more successive reflections from the F-region of the ionosphere,
without intermediate ground reflection. Propagation of this sort is
associated with tilts in the reflecting layers. Pronounced tilts are en-
countered regularly in equatorial regions; one occurs almost daily at
approximately 1900 local time over the geomagnetic equator; another
occurs around noon in the vicinity of the subsolar point. It is shown
that tilt-supported propagation can take place at frequencies considerably
in excess of the MUF predicted in the usual way. It is believed that
these results may explain the reports by radio amateurs of anomalous
propagation between North and South America.

For comments on the above paper, see R. Silkerstein. J. Geophys.
Res. 62 645-646 (Dec. 1957).
MGA
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VINCENT, W. R. and F. H. Smith. A summary of literature pertaining to
radio studies of meteors and meteor trails. SRI, Stanford Research
Institute, Menlo Park, Calif. Project 1422, Contract AF 19(604)-1517
(January 1960).

A comprehensive survey of the literature pertinent to radio studies
of meteors is presented. An abstract is given of each article, paper,
report, or book that was available in English. A separate list without
abstracts is given of material published in the Soviet Union and in Eastern
European countries.
A

4 .

VTN!P• NT, W. R. Research engineering and support for tropical communications.
Semi-annual Rept. 1, Projeoc 4240, Contract AF 19(604)-1517, Stan-
ford Research Institute, Menlo Park, Calif. (March 1963).

The purpose of the project is to support the Combat and Development
Test Center, a joint Thailand-United States agency, in the areas of tacti-
cal and tropical communications. The United States Army Electronics
Research and Development Laboratory and Stanford Research Institute
have created in Bangkok a Communications Research Laboratory, to be
staffectby both Thai and United States personnel. This laboratory is
presently, housed in a van complex. A C-2 vertical sounder, supplied
Ly the United States Army Radio Propagation Agency, is being used for
the study of the equatorial'atmosphere. A remote area has been estab-
lished for testing man-pack radio sets in a tropical environment. Word
lis,;s in the Thai language are being prepared, with cooperation from the
United States Army Language School at Monterey, for use in this testing.
A

VINCENT, W. R. Voice tests on man-pack radios in a tropical environment.
Res. Memo 2, Project 4240, Contract AF 19(604)-1517; Stanford
Research Institue, Menlo Park, Calif. (July 1963).

Under the direction of the Advanced Research Projects Agency and
the United States Army Electronic Research and Development Laboratory,
Stanford Research Institute conducted a field test program to compare
the performance of selected inan-pack radio sets under various tropical
terrain and weather conditions. Initial steps had already been taken
to establish a Tropical Communication Laboratory as pert of the Combat
Development and Test Center (CDTC) in Thailand. The formation of the
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basic laboratory and the assignment of personnel were hastened to ac-
compliesh the desired field tests.

This report describes the results of voice tests on the selected man-
pack radio sets in a tropical forest environment. It will be followed by
reports on the performance of the sets in other terrain environments.
Excerpt

VINCENT, W. R. Field tests on man-pack radios in a tropical environment.
Res. Memo 3 on Project 4240, Contract AF 19(604)-1517, Stanford
Research Institute, Menlo Park, Calif. (July 1963).

Under the direction of the Advanced Research Projects Agency and
the United States Army Electronic Research and Development Laboratory;
Stanford Research Institute conducted a field test program to compare
the performance of selected man-pack radio sets under various tropical
terrain, vegetation, and weather conditions. Research Memorandum 2
under this contract describes results obtained in a tropical forest area.
This memoancLumi contains data on all tests completed to its date of issue,
including those data presented in Research Memorandum 2, so that all
test data can be available in one report and Womparisons can be made.

Initial steps had been taken to establish a Communication Laboratory
as a portion of the Combat Development and Test Center (CDTC) in
Thailand. The formation of the basic laboratory' was hastened and per-
sonnel assignments altered to provide adequate field test crews. Labora-
tory equipment did not become available to support the field effort until
the later stages of the est program. However, the' availability of a
entr.l headquarters, a temporary laboratory, and the meager repair

facilities and support did facilitate the field tests somewhat.
This report describes the results of voice and CW tests on selected

man-pack sets. Tests were conducted in the tropical forest area in
southern Thailand, the rice paddy area of the low delta region near
Bangkok, and the -mountains about 100 miles north of Bangkok. Figure 1
shows the location of the test areas. More detailed maps of the test
areas are shown in Sec. U.
Excerpt

VOGLER, L. E., and J.; L. Noble. Curves of proid mi! loss for dipole
antennas. NBS Tech. Note 175. National Bureau of Standards, Boulder,
Colo. (20 May 1983).

"'Ground proximity loss, defined as the decibel ratio of antenna Input
resistance to its free space resistance, in presented In graphical form
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for four types of antennas: vertical and horizontal electric and magnetic
elementary dipoles. Assuming a non-layered ground characterized
throughout by a relative dielectric coiistance (r and conductivity a,
curves are given showing the ground proximity loss for a wide range
of values of ground constants, antenna height above the ground surface,
and frequency.
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WASHBURN, C.L., R.P. Olin, F.H. Jobn-vq, and W. Woronka. Trans.-
equatorial F-layer propagation study. Final Report, Contract
AF 30(602)-2506, ITT Federal Laboratories, Nutley, N.J. (14 June
1963). RADC-TDR-63-178.

This report discusses transequatorial F-layer propagation (TEF) in
the 30 mc to 100 mc frequency range performed under contract AF 30(602)-
2506.

Data was obtained on the characteristics of one-way transmission in
the Western Hemisphere during July to October 1962. Six fixed-frequency
transmitters in Balboa, Canal Zone, transmitted simultaneous CW signals
on a 24-hour-per-day schedule, while the received signal outputs from six
receivers located 4800 km away in Santiago, Chile, were continuously
recorded.

At the inception, it was considered that TEF propagation would be
critically limited because of the present sunspot cycle minimum. This
study demonstrates TEF signals are observed regularly between 30 and
50 mc and sometimes as high as 75 mc. Signal strengths were high and at
times were close to the calculated free space signal strength, strongly
suggesting ray focusing. Rapid fading of the signal was observed. The
depth of fading varied from at least 35db, to shallow fading of a few db.
During periods of higher sunspot activity, the transmission of frequencies
in excess of 100 mc can be expected. Results are fully substantiated in
this report by many actual signal records, analyzed signal data, and a
comprehensive discussion of supporting geophysical theory.

Sound engineering recommendations are presented for the continuation
and expansion of this important work. These recommendations take on
particular 3igniflcance in view of the new and revealing evidence now avail-
able on TEF modes. The potential use and immediate application of TEF
modes are becoming increasingly clear in the communications and detection
fields.
A
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WATTS, J. M., and K. Davies. Rapid frequency analysis of fading radio signals.
J. Geophys. Res. 65, 2295-2301 (1960).

The purpose of this paper is to illustrate the results obtained from a
system of inexpensive spectrum analysis of long time series, extending
months and even years. The stored data are capable of being analyzed
conveniently and rapidly at the end of the period or at intervals. Examples
of geophysical phenomena capable of being analyzed by this technique are
extra- iow- frequency racho noise, geomagnetic variations, and the phase
and amplitude of ionospherically and tropospherically propagated radio
signals.
Excerpt

WFLSS, A. A. Solar tides in the F2 region from the study of night-time critical
frequencies. J. Atmos. Terrest. Phys. 4, 175-183 (1953).

Night-time critical frequency variations at 25 ionoepheric stations are
analysed by season and by latitude for semi-diurnal solar tidal terms. The
amplitude and phase of the vertical drift velocity of electrons so found are
consistent with accepted tidal theory, and an estimate of the height-gradient
of the vertical drift is obtained. Two parallel analyses are made, on the
alternative assumptions that decay proceeds accirding to a recombination
law or to an attachment law. The low values founa for the decay coefficients
preclude any decision as to which of these two decay processes is actually
operative.

WELLS, H.W. Criticad-freqtueny observations of the E, -yer at the Huanuoa
Sn5te observatory o Terrest. Mag. Atmoe. Els. 3.9 209-214

TIls paor describes the nature and characteristics of the reflections
from theIeE-lser of the lunosapere as observed at the Huanwayo Magnetlic
Observatory, and gives a comparison of the reaidta obtained with simlar
n'vestlgatoUs In the higher latitudes. It it aswn that no marked critical

fraquenoo• are in evidence, wV. that the transition from the E-region to
toan per icelsed Iayr, or vice-vetsa, is a gradual process with little
evidence of the long retardations which an frequently observed in the
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higher latitudes. There is, however, a definite and smooth diurnal vari-
ation of estimated maximum ionisation w!'ich peaks around noon. The
results indicate that the refractive index of the electromagnetic waves re-
turned from the region 3f the maximum ionisation of the E-layer is complex
and that dissipation is appreciable. Epstein's conclusion, that if the colr-
sional frequency is large, part of the energy will be reflected and part
transmitted, is borne out by these observations. It may be noted that this
appears to be the necessary condition for the qualitative fulfillment of the
so-called "atmospheric-dynamo" theory of diurnal variation of the earth's
magnetic field.
A

WELLS, H. W., and L. V. Berkner. Polarisation of radio waves from the
ionosphere near the geomagnetic equator. Terrest. Mag. Atmos.
Elec. 41, 75-82 (1936).

Theory predicts that in the special case of propagation of a wave in the
ionosphere with its wave-normal perpendicular to the earth's magnetic field
at all points of the wave-path the two wave-compe a-nts returned should be
plane polarised in mutually perpendicular planes. Polarisation experiments
have been conducted from thi Huancayo Magnetic Observatory (Peru) 20 10'
from the geomagnetic equator in order ta check this theory. The two com-
ponents are found as predicted with the electric vector of the ordinary
wave-component planepolarised in the magnetic north-south plane and tite
extraordinary component in the magnetic east-west plane. The reduction
of the refractive index of the medium for any given number of charges is
found to be greater for the extraordinary wave-component.
PA

WELIS, H.W., and H.E. Stanton. The ionosphere at Huancayo, Peru,
Nov. - Dec. 1937. Terrest. Mag. Atmos. Elea. 43, 169-171 (1938).

On November 17, 1937, at the Huaneayo Magnetic Observatory, in
Peru, of the Department of Terrestrial Magnetism, Carnegie Institution
of Washington, continuous operation of recently-developed ionospheric
apparstus was started. (Identical equipment was Installed at the Watheroo
Magnetic Observatory in Western Australia during April and May 1938.)
The new apparatus covers freqtwcies from 16. 0 me/sec to 0. 516 mo/sec
every 15 minutes, automatically registeriag the virtual heights of thb
Ionospheric regions. It Is a powerful tool for radio exploration of the
Earth's outer atmosphere, and its continuous operation is likely to give an
excellent picture of the ionosphere.

557



W

WELLS, 1I. W. and H. E. Stanton. Ionospheric characteristics at Huancayo,
Peru, Dec. 1937, through Dec. 1938. Terrest. Mag. Atmos. Elec.
44, 326-334 (1939).

The first automatic multifrequency ionospheric equipment developed by
the Department of Terrestrial Magnetism of the Carnegie Institution of
Washington, was installed at the Huancayo Magnetic Observatory in the
lUtter part of 1937. Continuous recordings over a limited range were
started in November and operations over the entirv frequency-range,
namely, 16. 0 to 0. 516 mc/sec, were initiated in December 1937. Since
then the apparatus has operated continuously for 24 hours each day except
for occasional short intervals necessary for maintenance to the equipment.
The data, therefore, are entirely homogeneous.

WELLS, H. W. Multi-frequency recordings of radio wave polarization near the
geomagnetic equator. Terrest. Mag. Atrios. Elec. 45, 353-358 (1940).

Theory of radio wave propagation predicts that in the special case of
propagation of a wave in the ionosphere with its wave normal perpendicular
to the earth's magnetic field at all points along the wave path, the two wave
components returned should be plane polarized in mutually perpendicular
planes. The Huancayo Magnetic Observatory (Peru) of the Dept. of Ter-
restrial Magnetism of the Carnegie Institution of Washington is suitably
located for special polarization tests under the conditions above outlined,
since the inclination of the earth's magnetic field is only some 2? 14' from
the horizontal. Earlier tests at this location in 1935 confirmed the general
theory for propagation in the F, F1 or F2 regions. It was shown that a
simple doublet aerial oriented in magnetic N-S plane would record only the
ordinary wave component; while an aerial in the magnetic E-W plane would
record only the extraordinary wave component. Recent tests made with
automatic multi-frequency apparatus are found to be in complete agreement
with earlier results, and evidence is presented which warrants extension of
earlier conclusions to include E-r-,gion propagation under certain conditions.
PA

WE LLS, H.W., and R.C. Cofle. The ionosphere at Huawayo, Peru, July to
Seg. 10. Terrest. Mag. Atmos. Elec. 4, 8W-86 (1941).

No abstract available.
PA
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WELLS, H.W. Ionospheric investigations at Huancayo magnetic observatory
(Peru) with applications to wave transmission theory: abstract.
IN: IRE Convention outlines radio's expanding role. Electronics 15,
33-34 (Feb. 1942).

H. W. Wells of the Carnegie Institution of Washington delivered a paper

entitled "lonospheric Investigations at Huancayo Magnetic Observatory

(Peru) with Applications to Wave Transmission Theory". The first portion

of this very interesting paper was concerned with the behavior of radio

signals in the ionosphere. Low frequency waves and medium waves are
reflected by the ionized layer commonly known as the ionosphere and higjL

frequency signals pass through it out into space. The speaker explained

how the characteristics of the ionosphere varied from day to night and from

one part of the year to the next. A curious phase of the behavior of the

ionosphere is that when it changes in the northern hemisphere at the begin-

ning of the northern winter, it would ordinarily be expected to make the

converse change in the southern hemisphere, but it doesn't. The same

changes seem to take place at the same time throughout the world. The

observations made at the Huancayo observatory are correlated with two
other observatories operated by the Carnegie Institution in Alaska and in

Australia. Mr. Wells described briefly the multt-frequeucy apparatus in

use at Huancayo for the determinations of ionosphere characteristics at
that location.

The effect of sunspot activity on the characteristics of the ionosphere
and consequently on radio communication was also discussed. Slidas of

photographs of the sun showing the travel and growth of sunspots were
shown together with ionospheve characteristics. It was indicated that at

certain phases of sunspot life, the ionized layer disappeared from our
atmosphere and with It radio communication. •'he aurora borealis which

was visible over a large portion of the earth on the evening of September 18,
1941 and camied widespread disruption in radio communication occur'ed

two days after sunspots were on that part of the sun's surface which was
"aimed at the earth" as Mr. Wells put It. It was said that two days travel-

lWg time was necessary for the corpuscles of energy associated with the
sunspots to reach the earth and have an effect.

WELJS, H.W. Earth's Maetic field and actual heights in Lonosher.
J. Geopbhy. Res. 47, 75-79 (19Z).

By measuring magnetolondc separatlon at critical frquency, computis
diurnal variation of height of maximum electron density at Hluancayo. Day-
time heights exceeded nighttime values. Range was 200 - 500 km.
M

55I



W

WELLS, H.W., and A. H. Shapley. Eclipse-effects in F2 -layer of the ionosphere.

J. Geophys. Res. 51, 401-409 (1946).

Observed eclipse at College, Alaska; Huancayo, Peru; and Watheroo,

Australia. Puzzled by recession in ion density slightly prior to eclipse.

Attribute it to eclipse of limb of sun. Observed an unusual layer formation
during eclipse at Huancayo. The old F2 -layer rose, and a new, more
highly ionized layer appeared below it at 350 km. Estimated F2 -layer re-
combination coefficient as 1-..5 X 10-10.
M

WELLS, H. W. Sporadic E-region ionization at Watheroo Magnetic Observatory
1938-1944. Proc. IRE 34, 950-955 (1946).

Characteristics of sporadic E (Es) at the Watheroo Magnetic Observa-'
tory, Western Australia, have been determined from continuous ionospheric
recordings since June, 1938. Average diurnal curves show most frequent
occurrence at night with maximum near midnight, local time, although there
is a tendency for the most intense Es to occur during day hours. The sea-
sonal features of Es already well established for the Northern Hemisphere
have been confirmed for the Southern Hemisphere with a maximum of Es in
local summer months. Annual trends show increasing values from 1938 to
1941 with decreasing values from 1941 through 1944. An upward trend is
indicated for 1945, suggesting a minimum in 1944. This annual character-
istic is significant in view of an apparent inverse relationship with sunspots
in the Northern Hemisphere. Separate analyses were made of Es to deter-
mine 40- to 80-megacycle propagation conditions for a 1000-mile path in
percent of time for selected hours of November, 1941, which was the per-
iod of greatest Es activity. Results show 40-megacycle signals supported
for 15 percent of time, while 80-megacycle signals dropped to less than
1 percent of time. As a test for solar origin of Es, the data were examined
for recurrence tendencies in successive 27-day solar rotational periods.
No pronounced recurrences of Es at 27-day intervals are apparent, from
which it may be inferred that Es has no direct relationship with other re-
current solar phenomena such as sunspots and other centers of solar activity.
Comparisons between Es and magnetic activity do not reveal any tendency
of Es to be more prevalent during periods of magnetic disturbance.
A

WELLS, H.W., J. M. Watts, and D. E. George. Detection of rapidly moving
ionospheric clouds. Phys. Rev. 69, 540-541 (1946).

Rapidly moving ionospheric clouds were detected in the earth's outer
atmosphere (ionosphere) during the magnetic storm March 25-26, 1946,
at the Kensington Ionospheric Laboratory, Department of Terrestrial Mag-
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netism, Carnegie Institution of Washington. The clouds move in from long
to short range or out again in intervals of few minutes. They are first
detected at maximum ranges of 800-900 km. They are tracked inward at
velocities of 1 to 2 km per second to F-layer levels (300-400 km). Occa-
sionally they are seen to move out again at about the same rate. They are
observed both during the night when background ionization is low and during
the day when background ionization is high. Angle of arrival of the signals
cannot be ascertained by the method employed.

These clouds were observed repeatedly during the interval 15h0 0m,
March 25, to 0 7h0 0m, March 27, 1946- the first opportunity for application
of the new recording technique to observation of magnetic-ionospheric
storms. The observations were made with the new "panoramic" ionospheric
recorder, developed with support of the United States Signal Corps which
sweeps over the range, 1. 5 to 20. 0 Mc/sec. at adjustable intervals of 5 to
30 seconds. Repetition at such short intervals registers ionospheric fluc-!
tuations of short duration which have been missed by earlier instrumenta-
tion. The technique has been perfected to the extent that successive records
can be projected as motion pictures. Compression of the time-scale as a
result of projection provides a sense of continuity which simplifies visuali-
zation and interpretation of an otherwise long succession of events.

The panoramic sweep is displayed on a cathode-ray tube and records
are made automatically by successive exposures of single frames of film
for each sweep. Examples of normal records with 15-second sweep at
30-second intervals for three minutes are illustrated in Fig. 1* while
rapidly changing disturbed conditions are illustrated in Fig. 2*. Although
illustration of a cloud tracking is not immediately feasible, Fig. 2 serves
to demonstrate the rapid changes which may occur in a 30-second interval
between exposures. Both figures are enlarged from 16-mm film. The
parallel horizontal lines are height-markers at 50-km intervals upward
from the base-line at 0-km and the "pips" at top of record are frequency-
markers at 1-Mo/sec. intervals with increasing frequency from left to

right. In the figures the visible range is from 1. 5 to 14 Mo/sec. The total
elapsed interval in each cast is three minutes with time progressing do-%-
ward from top to bottom.

The principal effects of influx of the clouds are: (1) sudden changes in
F-layer ionizatloo; (2) rapid changes in F-layer heights indicathig turbu-
lence which is often progressive from high to low heights and from high to
low frequencies; (3) rapid fluctuations of echoes at the lower frequencies
with occasional temporary disappearance indicating high absorltoM.

* FMOS. I and 2. (1) Six successive normal ionospheric 15-sec. records
during three minutes afternoon March 19, 1946; (2) six successive
disturbed ionospheric 15-sa. records during three minutes of malg
necle storm, March 25, 1946, showing rapid changes. Otecords are
reproduced from original 16-mm film; height-markers are at 50-km
intervals, frequencies are indicated from 1. 5 to 14 Me/see.)
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We are inclined to attribute these clouds to an inflow of corpuscles
which are bombarding the atmosphere in an irregular manner during mag-
netic disturbance. These probably are the first direct quantitative obser-
vations of such bombardment. They are interpreted as establishing that
corpuscular radiation contributes to the net ionization of the F-region. The
equivalent maximum electronic density is estimated from magneto-ionic
theory to be 2 to 4X10 5 electrons per cc. Much of the uninterpreted scatter
of the disturbed F-region previously seen on slow recorders can doubtless
be traced to chance registration of various aspects of rapidly moving clouds.
It is considered probable that other higher velocity cloud movements exist
which will be detected by even faster recordings.

The new technique of ionospheric recording and presentation provides
a very powerful tool for study of special ionospheric features which occur
during magnetic storms, eclipses, radio fade-outs, sporadic E, F2 scatter,
and abnormal stratifications. Projection makes possible quick scanning of
an enormous wealth of data, selection of portions for critical study, and
visualization of dynamic events of short duration.
Excerpt

WELLS, H. W. and L. V. Berkner. Ionospheric research at Huancayo Obser-
vatory, Peru, Jan. 1938 - June 1946. Publication 175, Carnegie In-
stitution, Washington, D. C. (1947).

No abstract available.

WELLS, H.W. F-scatter at Huazcayo, Peru, and relation to radio star sci--
tillatlons. J. Geophys. Res. 59, 273-277 (1954).

The scattering of radio waves by the F-region of the ionosphere at an
equatorial location (Huancayo, Peru) was discussed by Booker and Wells
(1938). Subsequent analysis reveals pronouncedly di•rnal, seasonal and
annual characteristics. It Is fundamentally a night-time event, with great-
est frequency of occurrence in the period from four hours before midnight
to four hours after midnight. The scattering Is most prevalent during se-
sons when the sun is overhead and is Infrequently observed daring May, .
June, July and Auust (ooal winter) when the noon solar zenith angle be-
comes as great as 35. The relative total annual oocurrence of F-region
scatter for the period 1938 throqug 194 shows low values during 1941-
1942, followed by a rapid increase throqh 1946, whioh to not closely re-
lated to solar activity. The diurnal properties of F-soatter aloe*ly corre-
spond to reported char-cteristocs of radio star sointflatlUons with peak
activity around midnight. However, the annual or aeasonal properties are
not in simple agreement.
PA
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WHALE, H. A. Widespread diurnal variations of effective slope of the iono-
sphere. Nature 175, 77-78 (1955).

Bearing and elevation of radio signals from Fiji and Brisbane, re-
ceived at Seagrave, Auckland, are used to determine daytime diurnal vari-
ation of the i~ffective N - S and E - W slopes of the ionosphere.
N

WHALE, H. A. Effective tilts of the ionosphere at places about 1000 km apat.
Proc. Phys. Soc. B69 301-310 (1956).

Observations of bearing and elevation of signals received at Auckland,
N. Z. , from Fiji (9315 Kc/s, distance 2000 kIan) and Brisbane (9660 iKc/s,
2250 kIan) are sometimes consistent with the existence during the daytime
of effective ionospheric tilts which are similar at places more than 1000 km
apart. These tilts are of the order of half a degree and are in opposite
directions during the morning and the afternoon. They may correspond to
actual tilts of a un~iform. ionospherc or be due to horizontal gradients of
electron density.

N

WHITEHEAD, J. D. The absorpton of short radio waves in the D-, E- and
F- regions of the ionosphere J. Atinos. Terrest. Phys. L6, 283-290
(1959).

The published values of the noon absorption of radio waves of frequen-
cies 2, 2.4, 4 and 4. 8Mc/s ineasurtidast Slough from 1947 to 1953 have
been analysed. From the absorptione of 2 and. 2.4 Mo/s waves, it han
been deduced that (a) the electronic collision frequency vo at theo height of
the maximum electron density in the E-region when the sun's rays are In-
oldest vertlcally onthe Ionosphere to (1. 9 *j) X 104per am; and (b) the
normal absorption In the D-regicn Increases with increasing sunispot nura-
ber, whereas the addiltional absorption which occurs on certain winter dqay

am&rse n t wD eion mydcrease w th nc e ing up ob er.

freq 4. n d .8cy avswr eletdfo h F-region may heogh

of 4 MC/uwaves (150tlo 10km) itlto(3. 6 0.0) x 03 persam, and at the
hAA of reflection of 4. 8M/& waves (180 to 20 kmn) it is (30 A 4)

X7 prsecu h infcneo heersls1dsud
A
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WHITEHEAD, J. D. The formation of a sporadic-E layer from a vertical
gradient in horizontal wind. IN: Smith, E. IL, and S. Matsushita,
eds., 276-291 (Macmillan Company, New York 1962).

A horizontal wind shear leads to vertical movement of ions and elec-
trons, which gives' rise to the formation of thin layers of ionization. The
probability of the layer appearing depends on the horizontal component of
the earth's magnetic field. This is the same as the probability observed
for sporadic-E critical frequency (foEs) to exceed 5 Mo/s in different parts
of the world. The hypothesis that all temperate zone sporadic E is due
to horizontal wind shears Is given further support because it shows how
sporadic E once formed will tend to persist, gives the correct height at
which the layer is most likely to form and is satisfactory so far as orders
of magnitude of the various quantities are concerned. R also leads to an
explanation of the relationship between the F-region travelling disturbances
and sporadic E.

The electron density distribution arising from the vertical movement
is discussed, taking into account recombination and diffusion.

The magnetic effects of sporadic-E olouds are discussed.
A

WHITEHEAD, J. D. Theory of equatorial sporado-E. J. Atmos. Terrest.
Phys. 25, 167-173 (1963).

It is shown that when sound waves travel at right angles to the mag-
netic field in the lower E-reglon near the earth's magnetic equator,
marked build-up of electron density irregularities is possible. The theory
indicates that whilst the electron density irregularities may be much more
intense than the corresponding air density variations, they are neverthe-
less related and no instabilty process leading to stroeg irregularities is
required. Thus the irregularities may result in only weak scattering of
radio waves, as is observed. The trrqularities end to form at a rather
definite height near the magnetic equator, and are strongly dependent on
the magnitude of the equatorial electrojet current. The minimum trans-
verse size of irregularities is a few metres and they move at right anglas
to the man otic field with the velocity of soutd. All these properties appear
to be in accord with observation and strongly suggest that this is the moea
by which equatorial sporadloE Is produced.
PA

WHITEHEAD, J. D. The density of the atmosphere In the E-region of the

ionosphere Planet. Some Sol. 11, 513-521 (1963).

Estimates of the density of the atmosphere In the E-regton of the
ionosphere using a variety of techniqes range over a factor of about 10.
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Current models likewise give values ranging over a factor of six, and it
is of interest therefore to compare the various estimates and assess
their reliability. The methods considered are direct density or pressure
measurements by gauges and mass spectrometers carried in rockets,
the measurement of X-ray fluxes, the diffusion of artificial sodium clouds
and meteor trails, densities deduced from electron collision frequencies,
and from an estimate of ion collision frequency from a sporadic E-region
study. The evidence suggests that the latest gauge results are likely to
be the most reliable of these but the study points the need for a special
low orbiting satellite to measure this important parameter in E-region.
A

WHITSON, A.L., W.T. Sperry, and F.H. Smith. A summary of literature
pertaining to VLF and ELF propagation. SRI Project 3311, Contract
SD-66, Stanford Research Institute, Menlo Park, Calif. (July 1962).

A bibliography of the literature pertaining to VLF and ELF propagation
is presented. Author's abstracts are given whenever they were available.

The survey includes theury, measurements, the transmission medium
(ground constants and lower ionosphere), atmospheric noise, and extra-
terrestrial VLF and ELF phenomena (whistlers, hiss, etc.).

Note: An index to this bibliography by A. L. Whltson was published
separately as Vol. MI (Dec. 1963).

A

WILD, J. P. and J. A. Roberts. The spectrum of radio-star selntillations and
th. nature of irreeularlties In the Ionosphere. J. Atmos. Terrost.
Phys. .8, 55-75 (1956).

An observational study of the spectrum of radlo-star scintillations has
been made with a view to e*ploring the small-scale structure of the ion-
osphere. Observations of the intense source In Cygnus were made near
traisit at am altitude of about 15". Three instruments were used simul-
tanew uly: (1) a swept-frequency spectroscope to record the dynamic
spectrum of scintillations, (2) a swept-frequency Interferometer to study
positional devtations at different frequencies, and (3) a trisAgular spaced-
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aerial system for studying the lateral size and motion of the pattern on
the ground.

The commonly occurring types of dynamic spectra are described, and
their interpretation in terms of ionospheric phenomena is discussed. From
the nature of the spectra it is inferred that most of the fluctuations are due
to focusing by single lens-like irregularities, rather than to diffraction at
a large number of irregularities. The spectra also show that the scintil-
lation patterns are often dispersed across the ground, different fre-
quencies being focused at different points. This is tentatively attributed
to ionospheric gradients which act like huge prisms. Suilh "dispersing
regions" may lie at different levels from the "focusing regions."

The degree of fluctuation shows two maxima, one near midnight
(winter) and the other near midday (summer). The size, shape, and
motion of the pattern on the ground, as well as the dispersion, also
vary throughout the year.

In many cases the pattern on the ground is highly elongated, a feature
which complicates the determination of the direction and speed of motion. "
For daytime conditions at least, this elongation indicates marked
anisotropy in the ionospheric irregularities.
A

WILD, J. P., and J. A. Roberts. Regions of the ionosphere responsible for
radio star scintillations. Nature 178, 377-378 (1956).

There is at present conflicting evidence as to the region of the ion-
osphere which is responsible for the scintillation of radio stars. Thus
workers in the northern hemisphere observing sources at fairly high
angles of elevation, and also Mills and Thomas in the southern hemisphere
observing the Cygnus source at an altitude of 15, have found a marked
correlation between the occurrence of scintillations and of spread F
echoes. On the other hand, Bolton et al. at the same southern location
as Mills, but observing sources within 100 of the horizon, found an
equally marked correlation with sporadic E, but not with spread F.

We report here an analysis of some recent observations of scin-
tillations, which appears to offer a solution to this problem. We find a
correlation of night-time scintillations with spread F only, and of day-
time scintillations with sporadic E only.

In the observations referred to, the source Cygnus A was observed
from Dapto, New South Wales (lat. 34" 28.5' S., long. 1500 47.5' E.).
The observations were restricted to * 1 hr. from transit, when the alti-
tude of the source is 15". At reported earlier, the prevalence and in-
tensity of scintillations vary markedly from day to day, but show two
well-defined madma, one when transit occurs near mid-day (December,
summer), and one when transit occurs near midnight (June, winter).
We are unable to determine whether these variations are diurnal or
seasonal: for brevity, we shall refer to them as if they were diurnal.
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In view of thc occ.ý,'rence of two such distinct maxima in the fluctua-
tion index, the correlation between scintillatlons and ionospheric
phenomena has been studied for day and night periods separately.

Day-time scintillations. Rays from Cyguus penetrate the F region
(400-km. level) approximately 650 km. south-east of Townsville and
400 km. north-west of Brisbane where routine ionospheric recorders
are located. At no time during our day observations were spread F
echoes reported from either of these stations.

For the E layer, the point of penetration lies 500 km. south-south-
west of Brisbane and 500 km. north-north-east of Canberra, the nearest
ionospheric recording stations. Table 1, which compares the sporadic
E observed at these station3 with the occurrence of scintillations, shows
that the two are closely associated. There is a marked tendency for
high fluctuation indices to occur when the critical frequency of sporadic E
echoes is high. When the data are tested by either the X2 or the "exact"
test, it is found that the probability of the observed values occurring by
chance if the two phenomena are independent is less than 1 in 104.

Because of the patchy nature of sporadic E, we have included in
Table 1 only those days for which values of fEs (or fE2s) were available
from both Brisbane and Canberra and for which either: (a) no value of
fEs (or of fE2s) in excess of 5 Mc./s. was found at either of these
stations during our observing period, or (b) a value of fEs (or of fE2s)
greater than 5 Mc. /s. was recorded at both stations during our obser-
vations. The value 5 Mc. Is. was chosen to divide the data into approxi-
mately equal parts: similar considerations decided the grouping of
fluctuation indices used in Table 1.

Night-time scintillations. For night-time scintillations the corre-
lation with spread F at Townsville is given in Table 2. In this case
there is clearly a close association between the occurrence of high
fluctuation indices and the appearance of spread F. According to cither
of the statistical tests mentioned, the probability of the figures occurring
by chance alone is less than 1 in 106. There is a similar, but rather
weaker, correlation with spread F at Brisbane.

The results for sporadic E are given in Table 3, which shows no
evidence of any correlation with night-time scintillations. Here 3 Mc. Is.
has been taken as the dividing value of fEs, again on the basis of separa-
ting the data into approximately equal parts. Other values were tried, and
also other groupings of the fluctuation index, but none showed any evi-
dence of a correlation between the two phenomena. The probability of
figures such as those in Table 3 occurring by chance in uncorrelated
data is about 0.6.

These results suggest that night-time scintillations arise in the
F-layer and day-time sointillations in the E-layer. They are consistent
with the observation that, at night-time onlj,, there is a pronounced
west-to-east component (some 80 m. sec."-) in the motion of the
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scintillation patterns across the ground. Such a motion would be caused
by the Earth's rotation if the irregularities were located at a height of
about 500 km. and did not drift. It may also be noted that the current
conception of.sporadic E irregularities in terms of thin horizontal strata
is in agreement wiLh the fact that day-time scintillations have been re-
ported only by workers observing at relatively low angles of incidence.

The ionospheric data for this analysis were taken from "Ionospheric
Predictions, Series D", supplied by courtesy of the Ionospheric Pre-
dictions Service of the Australian Commonwealth Observatory.

WOODWARD, R.H. A model of the ionosphere. Terre-.. Mag. Atmos.
Elec. 53, 1-25 (1948).

Observations and theories of a number of geophysical phenomena
associated with the ionosphere are summarized, and a model proposed
to provide qualitative interpretations of most of them. In low and inter-
mediate latitudes electrons are assumed to rise; they migrate Lhrough
the upper ionosphere to the polar region, where they fall and complete
the circuit through the ground. Under the action of an electric field,
positive ions, formed at great heights by u.v. light, tend to rise,
whereas negative ions descend. Since the ions are constrained to helical
paths along the sloping magnetic lies of force, positive ions tend to
collect in a ring near the plane of the geomagnetic equator; negative
ions accumulate in the polar regions. Solar radiation-pressure diatorts
the ion-ring and blows the tail to a height of several Earth-radii. Elec-
tric discharges between the positive ion-ring and the negative polar caps
produce magnetic dirsturbances and the associated auroral displays.
PAI - I

WIME. IM osrc data for Feb. 1962 from Woomera, South Australia.
Weapons Research Esablishment, Australia (May 1968).

Tables of the hourly values of the customary ionopheric prameters
are given for the station at Woomerni for Februaq, 1962.

STAR

568



W

WRIGHT, J. W. Note or quiet-day vertical cross sections of the ionosphere
along 75 0W geographic meridian. J. Geophys. Res. 64, 1631-1634
(1959).

Programs are now under way at several institutions for the syste-
matic reduction of ionospheric vertical soundings to electron density
profiles, N (h) curves, thereby making available for the first time ade-
quate numerical data on electron densities throughout the lower iono-
sphere at many dates, times and places [see Thomas (1959) for a
comple bibliography of work in this field]. In undertaking a similar
prograr", the National Bureau of Standards has had two immediate ob-
jectives: to develop efficient methods by which hourly ionospheric
soundings may be systematically reduced to N (h) profiles from a
number of sounding stations, making these data available regularly to
research workers; and to carry out a study of ionospheric morphology
along a chain of stations stretching nearly from pole to pole along the
75 W geographic meridian. It is planned to combine these objectives
by concentrating a systematic hourly reduction program on the 75th
meridian stations. Already, stations at Fort Monmouth, New Jersey;
Grand Bahama Island; St. Johns, Newfoundland (U. S. Army Signal
Corps); and Puerto Rico (NBS), are preparing hourly virtual height data
in the form required for N (b) analysis.
Excerpt

WRIGHT, J. W. A model of the F region above h!,,F2. J. Geophys. Res.
65. 185-191 (1960).

A simple Chapman'model (scale height 100 km) of the ionosphere
above the peak of the F region is found to be in good agreement with the
few observed profiles of this region. The ratio of the above-peak
electron content implied by the model to below-peak electron content is
found to vary from about 2.8 to 4.0, also in good agreement with obser-
vations. The model Is used in conjunction with electron density profiles
observed from the ground to construct meridional cross sections along
the 75 W geographic meridian.
A

WRIGHT, J. W. Vertical crosssections of the ionosphere across the geo-
magnetic equator. NBS Tech. Note 138, National Bureau of Stan-
dards, Boulder, Colo., 1-8 (1962).

Contours of ionization along a meridian crossing the geomanetic
equator are shown for esah hour of a quiet period in March 1958. The "
equatorial ionospheric anomatlie are thereby illustrated and discussed
phnomenbogcally. The probabe physical proOeS Ire described.
MGA
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WRIGHT, J. W. The F-region seasonal anomaly. J. Geophys. Res. 68,
4379-4381 (1963).

In one of its most consistent contradictions of the simple and in-
tuitively reasonable "Chapman" theory, the daytime ionospheric F2
layer is found to contain much more ionization in the winter season
than in summer. Perhaps because the period of high electron densities
is confined to only a short midwinter period, this "seasonal" anomaly
is also called the "winter" anomaly; however, so far thc'e seems to
have been little basis for deciding whether the winter densities are
anomalously high, or whether the summer densities are anomalously
low. Since the processes controlling the anomaly are presumably
intimately related to the essential equilibrium of the ionosphere, it is
important that such an anomaly be expressed in other than purely rela-
tive terms. In this note we shall demonstrate that j le morning hours
the F region at low midlatitudes does not show a seaaý, '% anomaly and
that its behavior versus the solar zenith angle is identlcd with that in
the winter at higher latitudes. A departure from this law develops
progressively with increasing latitude in the summer season. The hours
between sunrise and noon are those in which height-integrated electron
production (which varies as cosX , where)( is the solar zenith angle)
tends to dominate other processes (e.g., electron loss and plasma dif-
fusion). Thus there is at least a qualitative meaning to the extent to
which the F-region electron densities in the morning hours increase
with cos X.

The seasonal anomaly is well known from measurements of the F-
region maximum electron density (Nmax), and is shown more fully,
together with other variations, by Wright (196q',. It is evident in the
lower part of Figure I, where the monthly mean values of Nmax for
the morning hours are shown versus their respective coso over a
period of one year. The variation is shown fo- Puerto Rico (geomagnetic
latitude 18.5' N, magnetic d 'p 51.6 A) and for Newfoundland (geomagetic
latitude 47.5 N, magnetic dip 72*1N). Winter values exceed the summer
values by a considerable amount, and the equinox periods are in between,
despite the lower values of cosX in the winter.

The electron content (per centimeter column) below the peak of the
F2 layer, obtained by integration of electron density profiles,. is used
here to characterize the electron density variations of the F region.
Monthly mean values of this quandtv (termed Shmax), excluding those
hours where If, I 4+, are available frm six lomnoopbric stations
between 18 N and 52 N. over the same period as tha shown for Nrax
In the figure. In the top part of FPiure 1, them values offtmax
are shown versus their respectiv valus of we for the same two
stations an shown for The seasonal anomakly in Ob Is less,
evident than In Nmax atMI'Woundlanl, but It is entirely abernt In the
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Puerto Rico values of Shmax. Furthermore, the seasonally consistent
variation of Shmax with coso at Puerto Rico is obeyed by the winter
values at Newfoundland, as is shown by the broken lines in these
diagrams. This same behavior occurs at each of the six stations
for which data are available.

The character of the anomaly is more fully illustrated by Figure 2,
where the X = 0 intercepts for the summer and winter values are shown
versus latitude for each of the six stations. Data are shown for two years,
1959 and 1960, for which the smoothed Zurich sunspot numbers range be-
tween 130 and 180 and between 80 and 130, respectively. It is clear that
the winter values in both years are substantially independent of latitude,
whereas the summer values decrease markedly with increasing latitude.
During 1960, the X = 0 electron content is lower, in about the same pro-
portion, both summer and winter. The difference between summer and
winter is, however, disproportionately larger at the lowest latitude
during 1910, the year of lower aolar activity.

In view of this behavior, it is evident that the summer should be con-
sidered the anomalous season, rather thaii the winter. It is, in fact,
rather easy to conceive of processes that could reduce the summer
electron content, whereas it has proven difficult to find a sensible process
which could enhance markedly the winter values. Two explanations,
which will only be mentioned here, are possible either separately or in
combination: (a) the proportion of molecular nitrogen to atomic oxygen
may be increased in the summer, relatively more of the ionizing radiation
then being absorbed by N2 . The electrons associated with ionization of
N2 disappear very quickly by dissociative recombination, and hence
contribute but little to the observed F-region electron densities (Bates, 1951;
Nicolet, 1959). (b) The rate of loss of electrons may be increased in
the summer, as the result of an increase of the N2/0 and 02/0 ratios.
Ultimately, the rate of electron loss depends on secondary processes
such as 0+ + N2 -. NO ++ N, and 0+ + 02 "-02 + 0, after which dis-
socittive recombination of the electrons with either molecular ion pro-
ceede rapidly. These processes have been suggested by Risbbeth and
Setty (1961) to explain the seasonal variation in the rate of Increase e4
electron density just at sunrise. Thus, although a dependence of Nma,
on magnetic dip has been pointed out by Cronm et al. (1960), the summer
anomaly may find Its explanation in a seasonal variation in the compo-
sition of the upper atmosphere.

571



W

WRIGHT, R.W., J.R. Koster, and N.J. Skinner. Spread F-layer echoes
and radio-star scintillation. J. Atmos. Terrest. Phys. 8, 240-246
(1956).

Observations of radio-star scintillations made at University College
of the Gold Coast, Achimota, -and spread F-layers made at University
College, Ibadan, Nigeria, have been compared. Considerable correlation
is found, although there is 510 km between the two stations, and the iono-
spheric observations are made entirely at vertical incidence. The diurnal
and seasonal variations of the presence of spread F-layers are examined.
It is found that these depend considerably on the degree of magnetic
disturbance. In particular, at Ibadan in winter on disturbed days there
is only a quarter of the scatter that occurs on quiet days.
A

WRIGHT, R. W. Geomorphology of spread F and characterlitics of equatorial
spread F. J. Geophys. Res. 64, 2063-2065 (1959).

The characteristics of spread F in the magnetic equatorial zone were
outlined, and evidence of vertical velocities, retardation and loss of strati-
fication in the later evening, and negative correlation with magnetic activity
was presented. It was also noted that radio-star scintillations and rapid
fading of long-dists,,ce, high-frequency transmissions in equatorial regions
show very similar variations and correlation. Spaced receiver measure-
ments were reported that indicate highly elongated, field-aligned irregu-
larities in the equatorial F layer. (See paper under same title, this
symposium.)
A

WRIGHT, R.W., and N.J. Skinner. Lunar tides in the sporadic E-layer
at Ibadan. J. Atmos. Terrest. Phys. 1., 217-221 (1959).

An analysis of the lunar semi-diurnal tides in f Es and h'Es
is made for Dadan. The results are presented in the form of harmonic
dials. Comparisons are made between these results and those of other
stations.
A

WRIGHT, R.W., and N.J Skinner. Equatorlal spread F. J. Atmos. Terrest,
Phyv. 121Z:-IM (1969).

pread-F conditions have been examined for six low-laitude stations-
Dakar, hartoum, Djibouti, lbadan, Nairobi and Leopoldvllle.

R is shown that, coutrary to the general view, oourrefoe of dis-
turbed magnetic 3onditions inhibits the occurrence of spread-F layers
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during the southern solstice at all these stations. The seasonal variation
of the occurrence of spread-F is considerably changed if, instead of all
days, only magnetically quiet days are considered.

In the northern winter there appears to be widespread correlation
of occurrence of spread-F across Africa. This is shown to be due to
the magnetic inflience.

A

WRIGHT, R. W. Geomorphology of spread F and characteristics of equatorial
spread F. J. Geophys. Res. 64, 2203-2207 (1919).

Between magnetic latitudes 20°N and 20"S there is a well defined
region where spread F is a normal occurrence on magnetically quiet
days. Equatorial spread F is a night-time phenomenon that begins between
1900 and 2200 by a characteristic doubling of the layer and an increase in
virtual height, indicating a vertical 'velocity. Later in the night, after
2300, the records show group retardation and no stratification. The
occurrence of equatorial spread F is decreased by magnetic activity.

Radio-star scintillations in equatorial regions are correlated
strongly with spread F and have the same diurnal variation and the same
"anticorrelation with magnetic activity. The phenomenon of "flutter"
(rapid fading of long-distance, high-frequency stations) shows the
same variations. Measurements using the spaced receiver method indi-
"cate that, in the equatorial region, the irregularities in the F layer are
greatly elongated along the lines of the earth's magnetic field.
A

WRIGHT, R.W., A. J. Lyon, and N.J. Skinner. The morphology of spread-F.
Ann. IGY, 1957/1958, 11 253-257 (1961).

The so-called "spread-F" condition is a world-wide phenomenon
observed at all latitudes. It was previously shown that there is a marked
difference in Incidence of spread-F between equatorial and temperate
latitudes. It is the purpose of this note to inveptigate the Incidence of
spread-F on a world-wide basis and to demarcate the regions where the
correlation with magnetic activity Is, respectively, positive and negative.
After a rather detailed analysis of routine tabulations, the authors con-
elude that quatorial type spread F Is characterized by the faut that 1)
it in normally present on magnetically quiet dfs; 2) Its occurrence is
normally redly W on magnetically disturbed days; 3) it exists in a belt
from aIPpximately 2r"8 to 2rN gomnagnete lat. Subject Readings:
1. "read F 2. Ueomagnetl-moserlo re n .
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WRIGHT, R. W. H. Geographical extent of Es-tq layer in Africa. IN: Semi
Annual Report to Voice of America, Part B, Africa Ionosphere,
155-157 (July 1962).

The National Bureau of Standards has a contract with the University
of Ghana to carry out measurements intended to increase the knowledge
of behavior of Sporadic-E around the magnetic equator in West Africa.
The specific aim is to determine the distribution of equatorial Sporadic-E
with latitude. Since this type of Sporadic-E occurs during many of the
daylight hours in this area it has a marked effect on propagation con-
ditions. The following report taken from a letter written by Professor
R. W. H. Wright of the University of Ghana to Dr. Kenneth Davies of
the NBS describes the Equatorial Sporadic-E Program sponsored by
NBS in Ghana. It is included here because of the Voice of America
interest in this geographical area.
Excerpt

WRIGHT, R. W. Effect of magnetic disturbances on the equatorial ionospheric
jet current. Nature 194, 1169-1170 (1962).

The daily variations of the geomagnetic field components near the
magnetic equator are studied for quiet and disturbed conditions. It is
suggested that the locatiou of the jet current Is aifected by magnetic
disturbance.
PA

WRIGHT, R. W. H. Equatorial study of irregularities in the ionosphere.
Summary Rept. 1, Oct. 1960-Sept. 1961, Contract AF61(052)421,
Ghana University, Africa (28 Jan. 1962). AD-289 404.

DDC

WRIGHT, R.W.H., and F. Hibberd. Preliminary report on recent measure-
ments to determine the width of the equatorial sporadic-E layer.
J7. Geophys. Res. 6,2527-2528 (1963).

Between April and August 1962 a temporary ionospheric station was
itablishod in turn at four points lying roughly on a north-south line in

the neighborhood of the magnetic equator, while a permanent station
operated at Accra. Figure 1 shovs the stations and the position of the
magnetic pquator; details are listed in Table 1. Both lonosondes were
Canadian Cossors used with i vertical delta aerial.

Normal tongram% were taken every hour. In addition, every 5
mimntes for half an ho.,r on either side of noon, a record was made
showing the strength of the echoes recived on a fixed frequency from
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the Es layer and the F layer. The fixed frequency was 4.42 Mc/s, well
above the critical frequency of the E layer, foE.

This report is restricted to a preliminary analysis of the normal
ionograms obtained. Moreover, the analysis has been even further
simplified by considering each ionogram from the point of view of the
presence or absence of q-type sporadic-E-layer reflections.

Figure 2 is a contour map drawn from the percentage of days on

which Esq occurred at each station, at the given time. We have been

able to deal only with one side of the Esq belt, and it is necessary to
assume the symmetry of the belt about the magnetic equator to indicate
the belt width.

TABLE 1

Distance
from

Magnetic
Magnetic Equator, Length of

Site Latitude km Observation

Tamale 00 22'S 40 24 days
Salaga 1 13'S 135 16 days
Atebubu 2 01'S 220 16 days
Kumasi 3° 05'S 340 16 days
Accra 40 08'S 455 Continuous

It will be seen that, even with such limited data and such a simple
analysis, the belt is quite apparent. A consistent belt of half-width 30
of magnetic latitude, about 300 kin, has 100 percent occurrence of
Esq between the hours of 0830 and 1330 GMT (local time is very close
to GMT). Consequently we would suggest that the full belt is about
600 km wide for the regular appearance of Esq between those hours,
and its length would be approximately 750 of longitude.

We emphasize that these conclusions can be considered to apply
only during the period that the measurements were made; the belt may
vary at different seasons, at different times of the sunspot cycle, and
under different conditions of magnetic activity. We are analyzing the
other results further, to obtain a more sophisticated measure of the
intensity of Es present.
Excerpt
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YACOB, A. Some features oi magnetic elements at Trivandrum and Annama-
lainagar, situated near the eom~netic equator in the Indian Peninsula.
Indian J. Met. Phys. 10, 377-392 (1959).

The Sq ditrnal variation in H at Trivandrum and Annamalainagar are
found to be large compared with those at Alibag. The quiet day range in
H at Trivandrum in the month of March is abnormally large. Though the
Sq variations in V at Trivandrum are not abnormal they are larger than
those at Annamalainagar and Alibag.

The response of the H elements to disturbance at Trivandrum, Awm-
malainagar as well as Alibag are similar in sense. But the V element at
Annamalainagar shows a difference in its response to disturbance. When
the V elements at both Alibag and Trivandrum show an increase in numeri-
cal magnitude the V element at Annamalainagar shows a decrease and vice
versa.

When the magnitudes of disturbance are examined .they are found to be
almost the same in the H element at all the observatories (including Alibag)
during night hours. But during the day the magnitudes of disturbance in
H element at Trivandrum and Annamalainagar are always greater than that
at Alibag, a station away from the geomagnetic equator. Effects of dis-
turbance in the V element are greatest at Trivandrum both during the day
as well as the night.

Thý. lines of force of an average disturbance field in a longitudinal
plane over the region of the Indian Peninsula appear to be smooth curves
with their concave side turned upwards, their turning points occurring
between Annamalainagar and Alibag during the day and close to Alibag in
the night.
A

YAMADA, K., and T. OPta. Ionosphoric observation under the solar eclipse
in East New Guinea on 5 Feb. 1962. J. Radio Res. Labs. Japan L0,
287-310 (July 1963).

This observation was made with the aid of an lonosode of portable type
at Lae In East New Guinea. Effects of the solar eclipse on the ionosphere
wer. recognized In variations of the critical frequencies and virtual heights
of E, F1 and Fl 1/2 layers. The values of electron density obtained from
the critical frequency were compared with those calculated from the funda-
mental formula based on Chapman's distribution and those at various"
heights obtained from the N (b) proviles, In order to obtain the recombina-,
tion coefficient and attachment coefficient at various heights of each layer.
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These values agreed fairly well with those reported hitherto. The varia-
tion of electron density in the lower part of the ionosphere during the
eclipse was quite different from the values calculated from the fundamental
formula because of the non-uniformal radiation of the solar disk. Since a
great condensation of corona, however, was reported in the western limb
of the solar disk, calculation considering the effect of this condensation
gives an agreeable result. The variation of electron density at a height
above 350 km and in the F2 layer was not remarkable during the solar
eclipse. Investigation of variation in attachment coefficient with the height
brought to light the scale height, and the temperature of the upper atmos-
phere was calculated by the use of the value of the scale height. The
temperature of the zipper atmosphere at a height of 300 km was 940K al-
most the same as above Antarctica in the winter season, or a little lower
than above Antarctica where the ionospheric observation has been made
during the eclipse before.
PA

YAMAMOTO, M., and H. Maeda. The simultaneity of geomagnetic sudden
impulses. J. Atmos. Terrest. Phys. 20. 212-215 (1961).

Invest igations on the degree of simultaneity of the geomapetic -storm
sudden coinmencement have recently been made by Gerald (1959) and
Williams (1960) on the basis of IGY data, and their results were somewhat
different. The purpose of this note is to find a key for the solution of the
problem of whether or not geomagnetic sudden impulses and sudden com-
mencements are essentially the same, and if they are the same, how they
occur,

We used copies of quick-run magnetograms during the IGY from various
stations for four sudden impulses which occurred on 14 October 1957, 12
February, 21 July and 11 November 19M8, because they could be easily
measured. The stations are: Leirvogur, NurmiJivi, Lovc*, College, Big
Delta,_ Point Barrow, Healy, Sitka, Fredericksburg, Tuoson, Maimosato,
bonolulu, Koror, Guam, Wilkes, Little America, Apis and Scott Base.
SMeasurements were cfined to H-(or X-) traces alone, and when H-traces
were turcbable, D-traces were used. In graphs (a)-(d) of Fig. 1 the order
of occurrence of sudden Impulses Is plotted In a&form similar, for the oon-
venience of comparison, to that Illustrated by Williams (1960). Geographi
latitude, geographkc 1wqitude and the local time an given around each
graph. On the right of the graphs are plots of the order of occurrence
81Aans time.
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These analyses of the data yielded the following results:
(1) Time differences of sudden impulses around the earth were within

1 min;
(2) The sudden impulses always occurred first in high latitudes;
(3) The average propagation velocity of sudden impulses between

Honolulu and Koror was about 1300 km/sec.
These results are very similar to those obtained by Williams (1960) for
sudden commencements of magnetic storms. Further study is in progress,
and its result will be published later.
Excerpt

YASUHARA, M., and H. Maeda. Geomagnetic crochet of 15 November 1960.
J. Atmos. Terrest. Phys. 21, 289-293 (1961).

On 15 November 1960 a very strong solar flare was observed, and the
accompanying geomagnetic crochet (or s.f. e.) was an unusually great one.
The time of occurrence was about noon in Japan, Australia, and their
neighbouring countries, where many geomagnetic stations were in opera-
tion, and so this strong flare offered us a good chance to study the proper-
ties of geomagnetic crochet.

The position of the flare on the solar disk was 260N 33°W, and its
importance was class 3+. It commenced at 0207 hours (U. T.) and reached
maximum at 0221 hours. The ionogram at Yamagawa Radio Wave Obser-
vatory, Japan, showed a strong short-wave fade-out which commenced
between 0215 and 0230 hours; meanwhile the receiving stations of solar
radio emission at Tokyo and Toyokawa, Japan, recorded a predominant.
outburst of type IV begLnning at 0221 hours (i.e. the time of maximum
activity of the flare) as shown in Fig. 1

Figs. 2(a) and 2(b) show, respectively, the geomagnetic crochet re-
corded at Me, Ka, So, As, Ky, Ho, Gm and Mu In the northern hemis-
phere, and at Ap, On, To, Am and Mc in the southern hemisphere. The
crochet commenced at 0220 hours and reached its maximum development
at 0224 hours at many stations. Here we had some doubt as to whether or
not the foregoing Increase in H-trace which started at about 0208 hours
was an effect of the flare. This variation, however, was omitted from the
effect of the solar flare we are concerned with, because of the following
reasons: (1) No distinct changes were noticeable until 0215 hours on the
ionogram, and until 0221 hours on the dynamic spectrum of the solar radio
outburst; (2) As the records from stations in the dark hemisphere showed
another disturbance commencing before 0200 hours, this would also affect
the sunlit hemisphere.
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Fig. 3 shows the pattern of the electric currents flowing in the iono-
sphere, which are necessary to produce the horizontal component of the
crochet at the time of its maximum development, where the arrows denote
the geomagnetic disturbance vector at each station. As for Brisbane, on
account of a lack of D-trace, and for Macquarie Island, because of the
superposition of another disturbance owing to the locality in the auroral
zone, the data of these two stations were only referred to. It is clear
from the figure that the electric currents responsible for the, crochet were
unusually strong, roughly estimated as 250,000 A, and that the centre. of
vortex of the northern current was considerably shifted southwards. Al-
though, because of the continuity of severe disturbances in November, it
is not easy to deduce the normal Sq variation of the day concerned, yet,
as compared with the standard Sq current system (Chapman and Bartels,
1940) it seems very likely that the electric currents responsible for the
geomagnetic crochet should not be a simple augmentation of the Sq currentL,
as suggested by many workers hitherto (e.g. Grafe, 1958; Volland and

Taubenheim, 1958; Veldkump and van Sabben, 1960). Moreover, the fol-
lowing facts convince us that the geomagnet crochet may be caused by
the currents flowing mainly in the D-region.

Hachenberg and Kriger (1959) pointed out a close correlation between
bursts of solar radio emission in the centimetre range with flares and
sudden ionospheric disturbances (s.i.d.). On the other hand, it is now
generally accepted that the s.i. d. is caused by an abnormal increase of
ionization in the D-region by solar X-rays, and Chubb et at, (1956) actually
observed the penetration of X-rays of I - 8 A wavelength into the lower
part of the D-region at the time of s.i.d. From these facts, a good corre-
lation is also expected between solar radio out.'iursts in the centimetre
range and abnormal lnurease in the radiation o! solar X-rays. Fig. 1
shows a greater flux ivtonsity wA the centimetre range than In the metre
range of solar radio emission. Thus it may be concluded that the con-
siderably su-nager penetration of solar X-rays into the Ionospheric D-region

Wad to wust at the time of maximum development of the solar flare, and it
played an important role in the occurrence of s.i.d. and such a groat geo-
magnetio crorbet as dealt with here.

Now, from Fig. 3 we bel that i is difficult to agree with a view, which
was emphasized by Veldk and van Sat (IC), tluthe current
pattern for geomapetic crochets should be controlled by the m.petic (or
dip) equator. owvmr, further study of similar cass would give a clear-
er solut/It for th9s problem.
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YEH, K. C., and 0. -. Villard, Jr. A new type of fading observable on high

frequency radio transmissions propagated over paths crossing the
magnetic equator. Proc. IRE 46, 1968-1970 (1958).

Describes some observations in California of signals transmitted at

9.69 Mc/s by a B. B.C. station in Singapore. Under some circumstances
it appears that the carrier energy is split into two independently fading

components of comparable strength and separated by several tens of cycles.

The weaker component beats with the stronger closely resembling a modu-
lation of the latter. Fading characteristics and constancy of the beat fre-
quency are discussed. It is suggested that the fading may occur as a

result of the combination of conventional and tilt supported propagation
across the evening equatorial height bulge.
EEA

YEH, K. C. Second-order Faraday rotation formulas. J. Geophys. Res. 65
2548-2550 (1960).

Current observations of 20- and 40-Mc/s satellite signals have enabled
us to determine the total electron content in the ionosphere using Faraday
effect. Since the frequency is not very much higher than the plasma fre-
quency in the ionosphere, the first-order thcory (Browne, Evans, and
Hargreaves, 1956) may be in appreciable error, owing to effects of re-
fraction. The purpose of this note is to introduce a second-order theory
in which the high-frequency approximation and the effect of refraction are
taken into consideration. The resulting equations are easy to apply when
observations are available on two frequencies, e.g., 20 and 40 Mc/L.

YEH, K. C., and 0. G. Villard. Fading and attenuation of high-frequency
radio waves propagated over long paths crossing the auroral, temper-
ate and equatorial zones. J. Atmos. Terrest. Phys. 17, 255-270
(1960).

This investigation is primarily concerned with the fading and attenua-
tion of high-frequency radio signals propagated over a long path crossing
the auroral zone. The fading of high-frequency signals propagated over
non-auroral paths of comparable length has also been studied, and some
new results are obtained. The principal fading and attenuation measure-
ments on which these conclusions are based were carried out in August
1957.

For the auroral paths, there is no diurnal variation in fading speed
except for a distinct minimum in time interval 1330-1900 PST, during
which time -the fading speed has little apparent deperdence on magnetic
activity along the path. In other time pc-iods a positive correlation
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between magnetic activity and fading speed is found. It is suggested that
the period of minimum fading speed is a consequence of the existence at
that time of the kind of propagation mode made possible by ionospheric
tilts.

Attenuation over the long auroral-zone path is found to be associated
with '"polar blackouts" as indicated by the absence of returned echo in

vertical sounders located along the path. The percentage association
varies with the location of the station relative to the path. This variation
is consistent with the inferred propagation modes. It is found that during
the hours 1330-1900 PST the attenuation cannot be attributed to the absorp-
tion that gives rise to blackouts as it can in the other hours. This is also
explainable on the basis of the postulated tilt-mode propagation.

Similar observations for temperate-latitude and transequatorial paths
of comparable length indicate that there is strong diurnal variation in
fading speed. Some plausible explanations are offered.

YEH, K. C., and G. W. Swenson, Jr. Ionospheric electron content and its
variations deduced from satellite observations. J. Geophys. Res. 66,
1061-1067 (April 1961).

A procedure is given for correcting the effect of refraction and the
high-frequency approximation when Faraday rotation measurement is
available on two frequencies. This method is used to analyze the records
obtained on the ground of radio transmissions from satellite 1958 5 2
(Sputnik HI). The result reveals strong diurnal as well as anomalous
seasonal variations. The depression in electron content during magnetic
storms is identified, and the preliminary observational result is not in-
consistent with the drift theory.

YERG, D. G. Notes on correlation methods for evaluating ionospheric winds
from radio fading records. J. Geophys. Res. 60, 173-185 (1955).

A correlation method requiring six values of the correlation coefficient
is developed. Expressions for the drift velocity, fading velocity, and
characteristic velocity are obtained from a correlation theory exterded to
include an elliptical contour in the horizontal plane.

The physical significance of the derived velocities is considered. Pre-
liminary data indicate that the correlation ellipse exhibits a preferred
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orientation and that fading associated with random changes is as important
as fading associated with a drifting pattern.

YERG, D. G. Observations and analysis of ionospheric drift. J. Atmos.
Terrest. Phys. 8, 247-259 (1956).

Observations of radio fading at spaced receivers for 2- 33 Mc/s and
4.57 Mc/s indicate that the ionospheric drift is more variable in winter
than summer. Average speeds are 19 m/sec for 2.33 Mc/s records and
12 m/sec for 4.57 Mc/s records. Fading resulting from random changes
is always significant. Random changes appear to be anisotropic and tend
to rotate the correlation ellipse to a position along the magnetic field.
The ellipse almost invariably is oriented with the major axis in the SW
quadrant. The mekhod of similar fades is less reliable than the correla-
tion method in evaluating drift velocities and directions.
A

YERG, D. G. Analysis of diffraction patterns on the ground caused by iono-
spheric irregularities. Scientific Rept. 1, Contract AF 19(604)3867,
Michigan College of Mining and Technology, Houghton, Mich. (March
1961). AD-258 973.

Radio fading records obtained on spaced receivers for 2.33 mc/s at
Mayagiiez, Puierto Rico were made available for analysis. A method for
determining the average drift velocity and the instantaneous normal de-
parture velocity of the lines of constant signal intensity was developed and
applied. The method also provides data related to the shape and orienta-
tion of the signal pattern. The procedure is based upon the evaluation of
the space and time derivatives of the observed signal intensity. The re-
sults indicate differences in the dynamic characteristics of the signal
pattern associated with day and night conditions. A sharp decrease in the
drift speed is noted after midnight. The random motion of the ground
pattern is anisotropic and is related to the anisotropy of the pattern. A
sequence of short-period random pul;es superimposed on a more or less
regular fluctuation of longer period and smaller amplitude is indicated.
ASTIA
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YONEZAWA, T,,tOn the influence of electron-ion diffusion on the electron
density and height of the nocturnal F2 layer (supplement). J. Radio

Res. Labs. Japan 2, 281-291 (1955).

The previous consideration of the influence of electron-ion diffusion
on the electron density and height of the nocturnal F2 layer neglected the
effect of the earth's magnetic field and presumed that the atmosphere in
the F2 region was composed of only one kind of molecules (or atmos).
These assumptions have been examined from the standpoint of obtaining
the lower limit to the atmospheric molecular density in the F2 region.
It is shown that, while the existence of minor constituents in the atmos-
phere has no great influence on the conclusion, the effect of the earth's
magnetic field may in the extreme case reduce the lower limits to about
60 percent of the former values, i.e. to as low as 3 x 109 cm- 3 . But the
scale height and atmospheric temperature giving this value seem to be
not very probable and the value 5 x 109 cm- 3 given in the previous paper
will possibly be nearer to the truth. It is suggested that if the true height
of the F2 layer is somewhere about 200 kin, the discrepancy between this
value and the extrapolation of rocket data will disappear.

YONEZAWA, T. New theory of the formation of the F2 layer. J. Radio Res.
Labs. Japan 3, 1-16 (1956).

A new theory is proposed to the effect that in the lower portion of the
F2 layer the height distribution of electron density is determined by elec-
tron removal due to its dissociative recombination with molecular ions of
oxygen generated by the atom-ion interchange reaction between atomic
ions and neutral molecules of oxygen, while in the upper portion it is de-
termined by electron-ion diffusion in the earth's gravitational field, the
maximum being produced at an intermediate height by both processes.
The theoretical variations of the maximum electron density and of its
height with latitude conform with observations fairly well except near the
equator. The low-density (and low-temperature) model of the atmosphere
based on rocket data seems to be preferable to the older model. The
agreement with observations will become more satisfactory if electron-
ion diffusion in the horizontal direction as well as the electric fields in
the upper atmosphere and perhaps temperature effect are taken into con-
sideration.
MGA
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YONEZAWA, T. On the seasonal and non-seasonal annual variations and the
semi-annual variation in the noon and midnight electron densities of
the F2 layer in middle latitudes. II. J. Radio Res. Labs. Japan 6
651-658 (Oct. 1959).

In continuation of the previous work, In which middle latitude stations
as a whole were treateO ag one grop, th .-Awn and midnight electron
densities of the F2 layer observed .a middle latitudes have been subjected
to a similar analysis, dividing the observational stations into two groups
with relatively high or relatiN aly low latitudes, in order to see If there
exists any change with latitude. The average geographic as well as geo-
magnetic latitudes of the respective groups are about 47" and 27. In
general the results here obtained agree qualitatively with those obtained
in the previous paper, but the following may be worthy of notice: (1) The
seasonal variation in the noon electron density in relatively high latitudes
is very different from that in relatively low latitudes. In the former region
it is very marked and attains its maximum around December in a period
of high solar activity, but it becomes much smaller and rather random in
a period of low solar activity so that its amplitude and phase are not well-
defined, while in relatively low latitude regions it is rather conspicuous
in a period of low solar activity and reaches a maximum around June but
becomes insigicantly small in a period oi high solar activity. (2) There
seems to be no very great difference betwee the non-seasonal varbitms
at noon in relatively high and low latitude regions, but it may probably be
concluded that the non-seasonal variation at midnight is lrger In relative-
ly high latitudes than in relatively low latiudes. (3) We do not And any
very great and systematic difference between the semi-znumal variations
in relatively high and relatively low latitude regions except that they ae
generally larger In the latter regions. This component is generally larger
in the suthern than in the northern hemisphere, and the phase of this
variation lags more or lses behind In the periods when the am is less
active and/or in the case of midnIgh electron density.

YONIZAWA, T. The characteristMi behaviour of the n2 layer du 9nG sevore
m 1. Ptoc. International Conference Of the I0.-
sphre, London, July 196, 12-133 (The Institute of Physics and
The Physical Society, London, 1M).

Chaoateriotic behaviour of the P2 laqer during severe magnetic
storms, onsisting of a madden Increase In, beiht and a slmultaeous
sudden decrease In. electron density lowed by a more gradual reoore,
obesrysd at K !abbji during the JOY has been oosidred and it so oan-
cb th d ta *s behaviour an be r"nebly wll Iterpreted In terms of
beating o ft MUw ir stere which brings shout enhancement of
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chemical reactions there. From analysis of observational data, tempera-
ture variations of the upper atmosphere and the average activation energy
oL the chemical reactions can be roughly inferred. The latter has been
found to be of the order of a fraction of one electron volt.
A

*i
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ZACHARISEN, D. H. Time and distance correlation study of F2 layer iono-
sonde data. IN: Semi-annual Report to Voice of America, NBS Rept.
7696, National Bureau of Standards, Boulder, Colo., 31-36 (July 1963).

This report is a continuation of a pilot study reported on in the last
Semi-Annual Report to the Voice of America (NBS Report No. 7621). The
ionosonde stations that have been used in this study have been limited to
those for which the data have been punched on IBM cards for IGY World
Data Center A. Most of these data are limited to the periods July 1957 to
December 1958 and July 1957 to December 1959. f0 F2 and M3000 factor
dwla tor June, September, and December 1958 are used in an IBM 7090
simpl linear analysis computer program. (The ionosonde stations used
tnolQMA Huancayo, Peru.)

t F2-3000 km-MUF is equal to the product of f0 F2 and the M3000
1846vt# The M3000 factor is related to h'F (the virtual height of reflec-
timn) 19n and h'F both display a lunar tidal variation but not with the
SaOeOKbAe. Martyn (1947), McNish and Gautier (1949), and Rastogi
ON" bwe all discussed lunar tidal variations in the F2 layer of the iono-
spbrfw. Mstsushita (in press) reports that there is a 6 hour difference in
theiM lamr variation (i.e., completely opposite phase) between middle
Intoodna s-tbe magnetic equatorial zone. The time lag between the
Phamw of iM and f0 F2 is about 3 hours in middle latitudes and about 6
bonrs in the .agnetic equatorial zone. He also concludes that usually the
AUplts o1f-e foF2 and hmaxk z lunar tides in local summer is larger
tdie in boal winter, and that the phase changes only slightly. It can be
mu, iwiure 1 and 2, that the comparisons of Washington, D.C., and
C1nmtf f 1F2 data and Washington, D.C., and Buancayo t1012 data give
the laeat correlation coefficients in June 1958 and highest in December

Mawp (1947) stated that the major anomalies in the behavior of the
F2 rqio. of the ionosphere were due to the action of the solar atmospheric
tide. He peasented data showing the existence of large 12-hourly harman-
ice is muimm density of ionization (Nmax) and the height at which Nmn
occurs (kern. At the same time he iallcated that it was difficult to
isoiate the im ' strong ionizing effect, with a 24 hour periodicity, but
with appresiuxe 12-hourly harmonics.

An ademmt was made to Isolate the sum's Ionizing effect in figures 9

and 10. In f 0, for each hour of the day. the September 1958 moatl
mean values of - 0 F2 for Huanoayo (12. 0', 75. 3W) ae subtracted from
the September IM6 monthly mean values of f0F for Panama (9.4"N.
79.9"w) mad the rants (Sf0F3) are plotte, The sumoar point on Sep-,
tember ltth isabota 30N. Alo In figure 9, for each hour of the day, the
June 158 monthly mean values of f01n for Washipgt, D.C., (36. ION,
77. I'W) awe abtracted from the June 1958 monthly mean values of f0F2
for Promos. wd the resdls (8 fon) are plotted. The hubsolar point on
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June 15th is about 23N. For the June 1958 data, the stations, about equal
distance north and south of the subsolar point, were chosen so that the
maximum iota density from the sun's ionizing term (proportional to cosl/2x)
would vary only slightly. For the September 1958 data, the northern sta-
tion is about 6. 40 from the subsolar point while the southern station is
about 150 away. However, the cos-/ 2x term is essentially the same for
both stations. In figure 10, the same procedure is carried out for the F2-
3000 km-MUF for the same months and stations. From figures 9 and 10,
it can be seen that both f0 F2 and F2-3000 km-MUF tend to show a very
marked semi-diurnal solar tidal influence.
Excerpt

ZACHARISEN, D. H. Some applications of the theory of using observations
at ionosphere stations to estimate current values of ionospheric
characteristics at other locations. IN: Semi-annual Report to Voice
of America, NBS Rept. 8226, National Bureau of Standards, Boulder,
Colo., 130 (July 1963).

This contribution presents some illustrative applications of the theory
described in Contribution No. 4 of the previous semi-annual report (NBS
Report 7696) and in Contribution No. 7 of this report. Use will be made
of the results of studies of the correlation coefficients of f0 F2 and F2-3000
km-MUF for various pairs of stations presented in Contribution No. 6 in
the NBS Report 7621 and Contribution No. 3 in NBS Report 7696.

For convenience, the above related contributions will be designated
as follows:

A-I Contribution No. 6 in NBS Report 7621

A-11 Contribution No. 3 in NBS Report 7696

B-I Contribution No. 4 in NBM Report 7696

B-If Contribution No. 7 in the present report (NBM Report 8226).

The theory deals with the problem of eggmatU the current value of
an ionospheric parameter (e.g. critical frequency, or MUF) at a location
L0 where direct observations are not available, by utilizing observations
of current values at other locations L1 , ,. . .L1. A knowledp of the
variances at each location, including L0, and of the covariance (or ow-
relation coefflcient for each pair of locatons is required. The correla-
tion coeffticents for f0 n and F2-3000 km-MU? and their variations with
station pair separation distance, geogrphical location, season, and time
of day were the subjeots of A-I and A-If.

np - x + k +... + kx ,
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where x1 , x2,..., xn are the observed departures from the means at ll
L2,...-, Ln and the prediction coefficients k1, k2 ,..., kn are determined
from the condition that the mean square error of xp shall be a minimum.
Excerpt

ZAGLLYAYEVA, V. A. Lunar tidal variations of critical frequencies of the
E layer. Geomagnetism and Aeronomy, Moscow. 11, 766-767 (1963).

This article cites the results of computation of tides in fVE for the
stations Moscow, Tomsk, Irkutsk, but in the greatest detail for Ashkhabad.
In general, the observations were for the period 1 January 1949 through
31 December 1956. Curves of the dependence of foE on side real time were
derived for the entire period considered. Each hourly value was the re-
sult of averaging 889 values for Moscow, 883 values for Tomsk, 875
values for Irkutsk and 376 values for Ashkhabad. These curves are shown
as Fig. 1. After being broken down in summer, winter and equinoctial
categories, the curves were subjected to harmonic analysis. The semi-
diurnal harmonic could be determined reliably for Moscow and Ashkhabad,
but not for Irkutsk or Tomsk. At the latter stations the tidal effect was
smaller by a factor of 2 or more than for Moscow, despite the fact that
all three stations are at almost the same latitude. L4f0E) increases from
winter to summer, with an intermediate value at the equinox. The mmai-
mum sets in earlier in summer than at the equinoc and earlier at the
equinox than in the winter. At Moscow the tidal effect is very small during
the winter, so that it is impossible to consider the derived amplitude and
phase values to be completely reliable.
A

Z•UDA, A. J. Ionospheric electrostatic fie1ds and the eatorial e tr•ojet.
J. Geophys. Res. , 2247-423 (90).

The electrostatic characteristics associated with the equatorial elec-
"troet are Investigated with the aid ot a number of theoretical a&mexperi-
mental considerations. With regard to the peak eleattojet carrent, an
eastward component of electric fore of tude 4 x 104 volt/meter
drives a current of density 1@- amp/ earS. In the region of moimum
current the ionosphere is electrically neutral, but th electric field Is
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created by an electrostatic charge distribution with an excess of electrons
in the region east of the point with peak current and an excess of positive
charges in the region to the west. The maximum of the difference in the
number density of the negative and positive charges is 5 x 10-2 charge/
meter3 for the volume density, and 9 x 104 charge/meter 2 for the surface
density on the lower boundary of the E layer. These number differences,
which represent extremely small departures from electrical neutrality in
the ionosphere, indicate the prime importance of a surface charge distri-
bution in producing the ionospheric electrostatic field. The vertical com-
ponent of the electrostatic force has a maximum value of 4 x 10-4 volt/
meter but vanishes at the point containing the peak electrojet current,
A

ZMUDA, A. J. The mutual dependence of harmon , coefficients. (Abstract
o) paper presented at the Forty-First Annual Meeting, American
Geophysical Union, 27-30 April 1960, Washington, D. C. J. Geophys.
Res. 65, 2534 (1960).

It Is well known that the incomplete magneaic coverage imposes
general limitations on the accuracy with which the harmonic coefficients
may be determined: The harmonic coeffioients are mutually dependent
in that their values depend on the number of coefficients to be determined.
The magnitude of this effect is treated using the results of a harmonic
analysis of surface data. Also, a comparison is made between coef-
ficients obtained from the series for the different components of the
magnetic force.
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